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lol Saokgg<axEa 

Siacc iho e.dvesrt of tho constractlon tool cmmsHy 00 tbe 
Critical Va,th Method or Crlt,ical Path Sehedcilnjj thcro has booa ex- 
psrosGod on the part of trauy Influoasial organissticKie a gr«Bat deaSre 
that thia tsothod "be Esora leso tioiversally sooepted all eoaetruo** 
ticn firaa^ reg^'dlocQ of (siso ^rioo area of operation* She Critical 
Path Method^ herciRSsftsr referred to as CEK, hao “been describod la ESich 
detail ia alcaosrb all coaBtructioa indastsy or civil ea^mering period- 
icals and ballotiao. IJhile su(dj pablished articles do readily eciEit 
that the ocacopts isvolvod in GBI are indeed e jsarked dapartor® frea 
traditional idcao rlth regard to project plaaning and control; ttono, 
if sfiy, l&a af.capted to actually delineate the areas of neofalness of 
CHi 3 ;> nor its possible shcEri.ecQicga or pitfalls. 

Mosrt such doccriptivQ pap^o have attempted to illustrote the 
potrer cf CBl by eieano of the Koroally useful precept aad CKaaplo cckic^. 
Such articles usually pisa alcng tUsir icforsatioa 'fcy docuasonting for 
th® reader the actual cxpariencos of a particular coE^taruction coapaay 
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m a psftieuls^ iQErojeot in uUUislQig CBi« While this appseach is cf 
great value to the ver^ few other projects which ceeactl^ fall into tbs 
area oS the ezas^lo job; it ic ccaseqiasmtly of little value to the vast 
taajarity of ether veriod conGtraetion coi^aaies^ due in no sssall part 
to the ihherast vsrjr divsreo csturo of the eenstroetioa iniiustry itself* 

.1*2 Shorte^aanga cf Bast Pogoaestayy Agpreachea 

She shortcossiQgs of the abov^a described osths^ of procBil^tiag 
CBi fall into two pos@ibiliti 08 . first of discos is that ouch 
articles fiosl ool^r with oucsoseful applicatioae of CRJ oa sose typo 
of ccaistnisticn wort* Shas a pdeturo is pressated to tho reawfer which 
couM lead hie to beliovs ‘that CK3 could prov© to bo a B«»t panacea 
in the arcja cf coaatraotioa coixtroX. ShiO; of coirso; is far from the 
sothod*s purpose or true tssrtii. flic reader is rarely iatredaced to 
areas cf CF?5 failure of those cf loss than outstaz^ling ettcceaa. Thus 
ho is cosplstoly linawove of sss-ay possibilities for fimneial or ^era» 
tioaal disaster wiiich eouM result fro« ii^opor CHI utllisatlcQ; at 
least until ha first att^^ts ito us® in such a blind manoer* 

Sis second ohortcciffliag of pnat papers ooaooraa tha aspects of 
coastnasticn diversity* Xe a heavy Cffiostruetion ccatractor able to 
effcotivoly roach © conolusioa ccsacamias the applicability cf C?53 
in his fiold ty jsaans cf reading the results attained by a building 
costractor using CH3 on a rehabilitation project? Esjcept fer the 
most general aspects; one weald probably think not. 
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X«3 Itopoae >od Seopo 

Sho ptiaaxy pavpoM of ‘Uais co^prohensivt will %• to 
•Xialuto the above tvo CBi @val;:.rvloQ shoxtconioga in an attcaipt to 
allov the eaastructicn indastxy at Xarge to be able to roach its own 
objective conclasloaa conooxning the aspU<»ibillty of thie caethod at 
the level of the individual fim> regardlcso of its size or thoatse 
of operaticsis* 

1.4 Msthod 

Thio gffiil io oscoopliehed by easma of feedback froa the 
conctructicn industsy itself^ throng the mediusi c£ the pereoml or 
correeponded interview. ^iSze firos contaotod ere ea@a@sd in all ths 
possible areao of construction^ with operationa around the vosJA, and 
fii^cially range fma tbo vary cmll to the truo giants of construction* 
^ aeons of a scientifically doducod Questionnaire reeponaes are reedvedp 
coHatodp and evoluatc^i in cv!cr to x^Sace true ond objective results 
for the ultiaate benefit of tho construction ix^otry itself* Xn con- 
cli\oioa, this paper treats CE1 as a tasthed for tho use of the eonstrue- 
tioa industry at large ond att^^^to to ectuaJJy pinpednt its areas of 
tn\o value and ito possible ocric^o defeats as soil* 

1*5 Hhy a P&par ca CPK? 

^Sia reader oay ask with j^istificatioa \*ijr such is being 

placed and exerted in the area of CStlf Soday’o increased tcc^ and 
eocq>lG9d.ty of constrootlon operati^is place a definite added strain on 
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tha eamsabloaaX eethoda at pSaimlog aod aehaan2isg> In construction, 
h 0 svy 0 Industrial, car cosokstoIbI, all ax9 fax! liar with tha standard 
aetbod of aobodiilia^ projacts bgr tba uoa of tar cbartSy ce^ oox« 
sojbiatieatad oodol, tha Gacst chart. Qsranted that thaoa aotboda have 
parfcraod ttioir tasks wall end adeopataly, faos often has a project 
mmsieff or hia orav vlshed for a less Halted asid oo(ra ecphiaticated 
o»tkod of eehcdaling that wculd (srajMcallar lUoatrata on paper tbe 
\7sy a loTsa construction pz'ojoot ties to@3tliert One that would furtber 
attest to pit^lnt deli'my ood suSboccastraotors staj^lns dateai 

ojcd nrite ens^eors* epocifioatiocs into the ecbeCalo. Zn addition; Is 
thoro a oeacs for prodding data for oaleolatlBs aacpofwer reQulrcesats 
by trades or for ooldns flaoneisl forecasts at any glTen stage of the 
project at band? It baa be^ stated by eoao that tbe Critical foth 
£{otbod is just the (solution to all the above listed preblens. Is it 
ju^ thatt It ia hc^ed that this paper will answer soae or all of 
thaec quectlonc to tbs sotiofactiem of tbs rsader. 
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2.1 PMrpo— of Higtoriog^l Peg> 2 rXption 

Tb« «o£hos* on]£c;a t'ao la witlag this ps^sr that all 

rasAjsta ore coisesrsdd vith the coastmatLcai Icfiaatvsr la ecoe aeimgr 
orlj therefore^ ore et least vag^Mly faoillar etth the hasle vodiosata 
oS CB!« Fcr the puspesee of coqpleteaesSf bavcTer^ this chapter vlU 
briefly describe the evolotloa of Clia aad vlll also ipreseot a ftm 
cj^s^loo of Its possible lotcod^ ttsea. ^ «osd of earalDg Is la 
order. Ao the read^ pre^^sees throu^ this chapter he is eomastly 
OGiTtiooed e^not dsvolopiog Id^ of CBS as a possible panacea. 

^Hhis it Jusb la not! 



2.2 Early Efforts and Foymlotlon 

Critical path lo eoaerally cocepted as bavlBs had its beglnnlDg 
at the B. I. duForrt de RaiKrurs Coa^asy of WllsdnctOQ, Oslavars In 1957 
*ander the dlraotion of Mr. J. B. Shllcy of the Rsnd CGrporatlon^ who 
oas hired in cn attesrpt to dcvlso a testhod of planning^ oehedaline;, 
and coordlmtlcg sow plant o^stssotlon. A aow arathod in the area 
uas forasalated asad tested at dii^ocit on a tea glllioa dollar project^ 
and vas further tested on eoveral ether promote in the f olloulag 



year with good results. 
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S«3 ttetbeisQ.'fca.eol Fcxnaalgfcion 

IQ Ssem'bar of 1939 aad !&• VQlker of dOFoxQ^ published 

an initial fGstaiXQtioii of C9f concept. 'Sim flvet solotloD to thie 
jOObloa los publlahol ty D. B. PultoS^wo cf tbs Baca Corpor&tioo in 
Jbtsi&sy> 1961;, i?07king \ail^ tbs thssl ef tbe pvol>XaB ool a sll^ 
variation cf a ne^tworb S^levr cetbol* Sblley tbm fOUovod vlth his 
ooluticn the foULovios msmsp* 

2.4 ms 

At oboot this tics tho Special Pro^setf Qffies of the TJaitod 
States HAvy cootsacting iJith tbo coosoltiog fiis of Boos-AUca and 
I^Uton v!9ks uorHns touard an iiitricate scbodtiling and control ^rstan 
for the dcvelos^cot of the Polaris taiceila ond^ tho dirocstioa cf Vico 
AdrjiraX M* tBH. tlisn forEa3lateil> this c^fstsc ma called 

Progrea Evaluation ond Beview 3?eobnig.%o« ibo fact that PolsriB 
prosTQo ma eosg^lotod voll in advance cf echodoXo uos in so aoall port 
doe to tha results of ojrstoa utilised leoat ^oliablo tiusn* 

tioas to Gcee dc,^08 in its epplicotiosis* As a result of PEBg^S first 
success;, it is now required m aH Esjor projects for all aerutees. 

a. 5 gha Agrog Pio^g'ssa 

All construction projects; rcssirdlii©» of oos^loocity; octst he 
subdivided for plsQnir>g puvpcces into a series of scgaseijts denHcg 
with tl^ vericne aspects or typos o£ caastmotioa processes. ^Ebase 
ssbersfi (Bty be further brobsn doun into individual activities of verb 
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8t)Ch 08 oxcQ.ve.to Sot SoOuisxgOa fora eot-up, pour coocrotc^ ctrip for.so, 
etc* For CPM uso this to «zact3^ the procoduro^ v2.th tho storto and 
ocapleticns of these activities loholod as cvento. An exoo^le cS an 
evazxt vould 'cc the tloo vhen a concrete curtain vail is cos^lcteSy 
pouredt Icval of detail herein :h3plied io ontircloT variable. As 
a sicple illustration^ the start of stool esrstctloo and its finish are 
events, Vlille the cctiv*! erection io rji activity* The events could 
■bo coneidored as prosrcoc rru-kcrc al03G the duration of a project. 

5ho Arrow dlaei’ca chowo the relationships between these activities 
in a heed to tail code, trith tho diagram usually isot drawn to ecalo. £n 
this QOdcl the arrow heod and tdl represent events vMle the arrow, 
iteelf, rei>rcocntB an ectivltyj further, the head of the arrow iodicatso 
tlio caqplotion of that activity. The cecucnco of arrows indicatoo the 
sopuoace of act\ml voch; that is, aetivitieo origimting at each node 
cannot bo started until all activities tenaicatins at that node asre 

co3?jleted. 

Taa foIlc;fins figure lUustrateo cn Arrow diagraa in an adequate 
ffiaanor. Tho figure preesato a with five activities. Robe that 
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Figure 2.1 



! 



.44 











f mm 



t 






ifei 



4^ 

















i/^ 




- 1 * 







- # 



I 



I 














mm- m 





^ ‘ „ . ■ 



I 



f • 



A 








I 



0 



there the C7cats ere EcmsibcrQd in consecutive ardor. This is not at oil 
c req^ireatect^ except fas ease ccsputer prograoiB* It osy ho cesn that 
Gvsnt cumber throe is tho tics at vbich the shof-u csiot be sunk aod tbo 
shield delivared^ eo uell as the point in tioe at tiiicb the eroctlca 
<£ tho shield GS^ be coeEaoncod. 



2.6 Axrcnr rdagzT.o Ifggds 

In ca?der to properly construct cn oxvov diegraoi oco caxBt 
ncacosarlly kao^ or dcvica ‘the activities ‘that cca^rlso the project 
and the rcstraiats tlat uill detcraijao the seqjaeaco c£ aotivitles. 

5^0 restraints are tho.-o conctructioa^ assssly: aanagacDeiib; 

phycical, end cro'u rcstraiato. Often t«o activities could prcsuGSb.ly 
ccaraencc at the sasss point ia ticoi bci?ever, space, istfoty or lack of 
manpc't.’cr cculd prevent this ois&iltaacouo operation. BecloicQS izust then 
be Gt2.dc by tssaeijGaent as to tho correct planaed osrder of activitieo. 

/^ddi.tion of Costa 

Qy proper uses of the abeva explained arrov diagrao, cos^ of 
the advaatascc of CH^ taay be broa^t forth. Shoos ars aMt^era to the 
QV^otioas as to \Jbicii activities should bo opesded up, hov naich, oad 
et xjhat cost. If an c^retion is pc 3 :fora»^ vith a certain crov of 
vorltssw over a perticalar tioo daration at vhat is considered to be 
the sfficiaat six, such a period ri.o classified as tho '’noaml tlEo” 
for the oxocutlon cf said opovaticn. Vlhon oana^ement elects to 
decrees this duration, thrcu{^ the addition of oiea and machines. 
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with » reeultics offieieoey deoreaM^ the uzilt costs correspoadics^y 
iceraoM. Such a proeesa la rcfCTred to as ''araehlna *' , asd reaches 
a Holt wboo ftnrther tl&o daoroaBaa ro&ult in increosod ooets ^&ioh 
approach IziSlol^* Shlo pdiat io dstcrBlQed hy cony SactCKn which 
are most gawHAag to iAio tnTtLx^'.ri.al q^er^tlcea m^Laoeae or ”tla9 afid 
Bctioo" pe3;'60s&c3.» See f^ -jura S.S* 




Figsr® 2»S ie Erach rv;.i,jt>lirioa for IHustrativo puzposea^ hot it 
does preseart the prlcsa^y concepts of crafiMos* Vlhen oos reaches the 
6]U}^o pclot of inficAty^ further oraShliog is un&oslrahXe. libeo costs 
arc to bs £spl£siicnted la CHI nses;» tho foHowins lnfoan»tion is 
iocAudsd oa each activity on the arrow diagresu nortaoX tiae, noraai 
C0Gt9« crash tiote^ axid crash costs* All costs arc coqpressod cm a per 
day unit cost hasis^ in ardor to old erne in cxa^iins calculations • 
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3 m fl^ore 2»3* ^Ebs on thesa aetialtiM alXcws oqa to 
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glgtaro g»g 

caQipalate tbo ootwork i& oTdLer to arrive at the l»Mt crer-all 
vork EcboiSalo vith resort to tioo cuad coats^ depeodlijs ypco tbo footer 
tdiich io taore SLoi^ortatr'c cn c«ch pc;rfc5.cular project* 'Sale is dcao tgr 
tho \V39 of a sohedulQ upf:tct.x\ 2 ci uegioniag vlth all aetivitioa «t zKireal 
uith activities being cms2u^ osana of an iterative prceediira 
ucing/ in cost c&SQSg a ^a-prescribed olsoritha for this ese* She 
uXticato schedule presoots all activities at crash positions^ vithin 
tho allocated ccososic Halts* 

2.8 Pleat 

lot ns cow brief I7 tom to the topic of floats. If, in a 
particular nst^*ork, «m activity is ellcoated esoro tiics than is 
re<xuired to coaploto the task, this esscoss tlas is cetlled "flcat” * 

In CHI thsm e»ist four l^rpcs float, vhoee differences vlH not 
be dealt with in this paper* PlMt actually oocurs T^ien tho tioss 
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to arrivo ot s. partictUiu.* iioflo ciiffor owr ttn> or oara paths. Any 
oetivitlos uklcb havo soro float aaro toxised critical^ and they oro 
aloag the critical path. Q%ia oaons that if any of cald activities 
arc IcQSthcned^ the entire Job diu'atlQn irlU eOto bo increased. Zt 
is reocnsnscdcd that iu project Gcheduling, that critical 

Gctivitieo be scheduled flrat^ imscd upon the osoont of floaty if any» 
a^'ailftble. 

2.9 CBI Hoa*-co 3 t Voes 

esPM projcjct nstyrorlis XJIJI give reaulto uhleh ar© the dorvelcged 
ccliedulco aloQQ;, or vlth the Inclueion of crash cost data and calcula- 
tions; the project ooct calculations uU3. also bo derived. Baced upon 
the vary tsary unprcdictablo aspects of coiGtructioa, the latter rcflne- 
c$at proceocr is tx\t very ooldoa utiUcod. Vistre will bo said oq this 
tsatter latcac' in this paper. 



2.10 Coaslusion 

®ijl 0 chapter is not c.t vJ 1 irtondad to be an all-in e luslva de- 
scription of uccQ and Ectiicln cf the critical path caicept. Actually ^ 
in till truthfnlneGs it io far frea such a teaching aid. Its purpose 
is ciG^ply to illuefcrate caly In a very ecaaeral end ein^le Banner the 
beoic coaaepto of CBI. For a cocpljcte and thorojgji description of 
CB!, its theory concepts, and appUcetion the reader is rafenred to 
any of the excellent roforencao lieted in the bibliography. The 
areodar has nou progressed through the early history and evolution 
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Of CHI cuai t\mi seen her,? com oC its pdnotples am applied* So 
has £ur6b«r lotrodacad to posalble eqpblsttcatad fadditloiw to 
visQ of CEHi re^urdless of iduithcr osr not cuoh mfloossesta are 
adopted ty tha constmotloa iaSKatry* £t is casaotly thio point vhi(^ 
loads the reader Into the haaie heart of this paper and Ita purposo> 
o2iich la to dotcralne tha thoc^a and iepresalo&a of tho oocatruo* 
tion Industry at large vith regard to CdC based upon Its eKparienoes 
o?er the past tvo yeenro* Let no nov 1»Em to Juat that e 2 m« 
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CHAKDER 3 



MESHOD PESDBACK 



3-1 Preoeatotlctx 

Iq ordior for a study ma'a as this to ~bo at all vorth^Mle, it 
tmo <ietersBincd that sooe objective isf^ua of {s^thcring inforcsation 
bad to bo dovolc^cd. This ixuld insuro that all coop&ziios quostionod 
vTOuId prosont their vicus in a sore or less consl^mt canner^ and vcRald 
thus al3.af eficcti’/e snalysio of the entire grcfup an a basis of equal 
effeotive csrit. With this in odnd, a written questionnaire was 
deaidsd upon ao the best mnner of eliaioatins any bias on the part 
of the person conducting tbo intorvicv. as well os tl 2 st of the inter- 
vicwes. This oothcd clooo,. ho-rcvor, present one disadvantage in that 
the participating ccKspaivlos ’.:sro forced to conform to the forcat of 
the cusstioa sheet j ttes, tho layout of tho editorial needed was of the 
uteoDt iaporfcancco 

She questionnaire itevelf was divided into nine esa^or portions, 
(The firct of these \mG of a biograj^jic nature in that it involved 
staticticai informticn on each of the cospanies# Sais would la^vent 
cooparieon^ in tho analysis^ of firms vdiich were obvlcucly nob at all 
similar in aatux'o. Included here wore exxcb points as annatsl volume of 
wc»k and prioary geographical areas of influence, ^oia was followc-d 
by a mettesx on electronic data processing choracteristico of the 
firao. In today’s coasputGr-otrientbod business world, the need for 
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such a soction is ohvlous* !Ihcn foUovsd au avsQ. vhich attempted to 



dot<snnitie tho cuxreat CPM bocl^’ctind of each cos^pauy^ vbich vas coupled 
with a UBftgo eacolirsia o? each firm’s CPM proeedurea, if applicable* 

Then cgeio a most ioportaat area concornlus executive tuanaecxaetifc partic- 
ipation in the CFM fields with great streoc placed up«3 the word 
GKGOitivc. She present CR5 control procedures in use by esoeb firm 
were Idiea discus r.ed, followad ty o deteroiratioa of total coa:pax^ 
involvetistrt in CBI. Construction spceificstioa requirements concern- 
ing CK5 procedures were then studied. Finally a suamary portlca was 
presented to gather the firms* overall evaluation of CR4, along with 
on ores^ which allov?ed c£.ch fir .’, to procent its ovm unbound thou^to 
end reccaEat^ticaaB. It ic that this qusotlcnnaire concept did 
irdeed fulfill the roquiretsseiits of this writer; and as such# its 
general format trill also bo followed in writing this paper itself* 

2 • 3 Ir .tg:X‘vie’.? Procedure 

la all. the soj^lc space, :Mch forms the basic for this paper, 
is oosposed of thirty-one const ructioji ccs^ionlos in most every typo 
of specialty work. It was felt, in order to ba sure of thoroLv^i 
participation, x' >t the r.ethod of pcraoaal intorvlow was to bo pre- 
foirrsd. Sweaty- one of the compenleo were Indeed contacted in this 
Eonnor ty the author. 5?h5se firms were esitber based in the Bew 
England area, or had offices located in I!ew England. In ordea: to 
gain a brooder eroso oec'oica, it was decided that firms based across 
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the oatiOD. and in Caxnda also l)e included in this onalysle and report. 

For this reason the written interview procodaro via the laailo was 
utillced. Ten na^or cociponics participated in this oonner* 

In every cocEpocy it was l<cporative that coxipletion of the ques- 
tionnaire 1x3 approved hy a oeslber of the executivs (mna^ement 
A}jdo, it \«s i’oquQsted that the interview oleo be conducted %riLth a 
loanber of executive sanaggasant* The cooperation on the port of the 
porticitx^tlng conpaixles was outstanding* In over ninety percent of 
the firms, the official intcarvievsd ijas either tho firm president or 
one of the vice-prssldGatc . Tor a coapleto cmolyols, however, such 
perscssncl as project iiold euperint^idexits, and field engi- 

neers were requested to participate whenever pcsoible. Tbroug^xoat 
this i^pex* the author cannot praise enough the particisating eosspanies 
for their outstanding cooperation cad willingness to freely reveal a 
great deal of worthvdiil® information* This proved to be a true high- 
llgiTt of the sreoearch phasa of this report. 

3.3 Doscription of Coapoatco 

Althcusi^ cost firms were very willing to have their neiajo revoolod 
herein, for the 'i.oncfit of uniformity, a general rule was agreed vpoo 
which provonto such disclosures* The cosbined annual volume of work of 
tho participating firms cosos to an amount in ojccgsb of one and one 
quarter billion dollar c, or apprcr.rir.itcly one and one half percent of 
the cmeunt expended for construction in the United States last year 
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for all typoo of wta'k. Thi.n further i’cprssents over tvo porcoat esf the 
aaiouat expend^ for nev’ conctructioa. Xndivi(Sual coa^ssaleo raoged from 
azusual voluzsos jin oscceas of tuo huotSred million dollars doim to a couple 
of firms vhose total vas in the vicinity of ono million dollars* 

2hs types of work further displayed a tt^tsaadous variety. Seven- 
teen org^laaticss vner® engased prissriay in th© area of buHding con- 
struotion^ five fell into th© class cf heavy construction, and four ’.;ere 
industrial coastractors* Th© rsssalnins five companies were involved in 
mechaaicsl. or electrical specialties Mid were priosarily engaced in suh- 
contract types of work. All the firms in Mineral engaged in all types 
of coatractural relationships from laaap-sua bid wsrk throu^ the entire 
range to strict negotiated cost-plus arrangesents. 

fisma were bona basod frorn coast to coast on tho Korth 
Assricau Contisoat, incluf J.no C:.u'P,da. Thera was a definite majority 
cf iJev Snglend based eexupuniosj howerfer, csost of those ware smaller 
in si EG, with thx'ee (stcep'tions. Tho largeo: companies were from such 
divGras points aa the Gulf Coact, Psclfic ar^, aid-ueot, central 
Canada, and middle Atlantic regs'-oas* These cacponlao litoral3y 
operated ca a wor.ld-wlde basic, with work oirreatly underway on all 
ths ccatinento tJith the ercepticaa of Antarctica. 

3 CH4 Crcs . > -S cctS.oa ai^ Smatnory 

Tlao CB! c>:pc 2 *iQncec of the Strms presented the caatirc gaEait of 
possibilities. Sooic use CPM in all iaotascos, soa© only when roquix’sd. 
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aosss havs ussd It asd co looser do eooa vasy troa projtct to 
project; oad 60£0 bams only partlcii^ted ali^btlsr in coastroUed 
j(^Q. la atiffisssazy It Is fait ^t tbio swnrasr bae inOoed ccotactod 
a true croatvoootlon of tl^e eooatzactiaa iadustsy tbla couatiy axiA 
its data asd recaalts consoqiacstV abcnld bo of eoegs boarise in faturo 
to ooQstraotiCHz coajmsiec; speoSfieatioa vrltars; and atodoate 
cf thQ ooaatracticm procoes* 
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CEJ^F^c3^ h 



ms:isi3 C5? mjESfSP.om.c data processxkg 



S& ekg rv>cua& ciad Trc- -cln 

In rscsat y« 2 ai’B tlio ccnocjrt of ale<r^onlc data procecsing systems 
Ims had a most significant iUcpact upon tbo greatsn taisitiBss world, and to 
a oeriain eseteat tbo coosrfcruction iadxistry as well. One cculd surely 
DtatG, wi.th littlG foor cf "beiriQ greatly in error, that coc^iuter systems 
p.ro an impomtnixt part of tceicrrow’s business operations. Caaputer tcch- 
i.o.lcsy’’ is further growiarg at a fantastic rate end is sure to result in 
creator cosotmetioa industry applications. 

Lot ns Cclvo a little ciorc deeply into this revoluticnary concept. 
Pc:y iZivcrn't/Lonz l..,,v 3 cvcpred iai'»o exxch a variety of ^obo in so asariy different 
fields at ouch crsc'Odj eo bavo co:::putcr3» Eusiaass and govercfficnt ore now 
rpruding a-l/ncot four M’Ji.oa do?.3m’s per year for eiectronio procossieg 
fyctcffis, s'iKl no reel, .'sy’c'fi* Lt con. ISeedless to say, such growth 
nan also "brouj^t aberut ■. ■- ’w.t a '..hole new set of conditions for run- 

l ing beth business and ccxx:;a'.i>cn.t. In eddition siich growth has also 

aijsng the eurcctcd pi’cMcms, aioh as the cost of sutocstod sys- 
teas, O ld the fact -that they are net at all the long-awaited managor's 
dr ,ao of the aiTivsl of a "cxirc-all”. 

Just how does all this fit irrl-.o the plans and needs of -bhe coa- 
Etructioa irdustsy, with all its supposed diet inert end peculiar problams? 
Kut’-rally the cc®::uter could possibly.- find uses in tho ncHml or now 
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In short, aost firms siu^pSy felt that the acqiiisition of a coaputer, 
throigh purchase or a rental contract, was aioply too irlol^y and poocibly 
not at all 'ccr.cficial. This writer does feel, when one consldera the 
average profit margin tengnitudss In construction, that the pertaancnce of 
a computer purchase or rental contract io indeed risky. Many firms in 
other lines of endeavor have paid serious pemltles as a result of com- 
putor misiaanagoment. Fov cvaller companies axch a hi{^ overhead item 
is 8iB5)ly cut of the qucntlon; and evsn the largest cotepanios ojust also 
conduct a most thorough eccnccdc analysis before dscidlng on such an 
laGtallation. Once naado, such a choisc grcat 3 y affects future company 
oi>erations in aleoot all re^Tards. 

Cosceraing the beneficial aspects of such a systeo, one isust 
admit that virtually limitless posaibilitios do oxlst, bound only ty 
the resoiurcas and imglnatioa of ccEpsny naoagea»nt. 

4.3 Concept o '* C c?mitcr Usage Centers 

The firar. vore thoa asked if they taade atteopbs at renting coaputcr 
ticc fresa so-cal.lcd computer ucago centers, which are moat coosEon in large 
cities or in tho vicinity of known univeroities • The ansvers were 

broken dovfla into two crc;'.''. 'f -c concemod uses in the conventional 

business application arcus ouch ao pcyrollo. Only twenty-five percent 
of tho firms had ever oven Gtt® 3 g?ted to uso such centers in this manner. 
This seems to reflect the gcz^oral conservative nature o£ construction 
caapatd. 08 , particularly those run by older, loss impressed officers. 
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The ccsspoziieo vere aslced if tbe^r utilized s;u:h eentere with 
xcgard to CPU eBolyole epplieaticme. <ill thooe vbo a&cijered in tho 
sffixtnative to tbs abcve question did eo egstin bore« slaoe vltb a few 
enro coiqpanieB^ os the positive fi^jure had nov risen to for^«five 
percent* A oojar reason fer ouch a rioe lies in tho fact that CCH 
coapatatioae are of a relatively new and stranae natuco* While huoi'' 
naso eperationn were isost faoilier, and cha]3@co did not oeea needed; 
vhen CFM uses wore adopted, the conputetlonal algorttba vas 'both novel 
and soaei^t euahsrsoiac; especial^ if ouch t^datins wore to be per* 
fort&ed. Cotipaniea then soonht coc^iutational assistance^ sooeticaeB at 
the taring of CH4 coosultaste called in to aid in devlsln^^ tho diagram 
during the planning phase* The centers most freqoented ifere those 
operated by the oa^or oosputer laanufocturerc such as Intemationol 
Buoinese Machi-nea end General Electric, sail in a few instances, saaller 
local fires* td^^or advanto^sa to such use vore the neat and reada b le, 
bat at tiecG very strange IcOhiDg, output schedules* ^ strange. It 
is i&eant to state that such compv<ter outputs vere, at first, aost per* 
plexlc^ to c^istruebion personnel* This pro b l oa has been largely over* 
COQO since the coaputer nBnufecturers and progrcsaiero hove Joined 
forces with construction personnel to fulfill the industry's needs 
\dthin the csachines* capabilities* laach osjxticned disodvaatags to 
ouch cosputcr center uses was the lezkgthy '’tum-around" tines* Turn* 
around tioo is that period froa the looafent a fira subcaits its Arrov 
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dlograia data until It recolvos Its coaq^lstod output tableau* Steps are 
eurrexxtJ^ underwey to dccrcaoa this titoa; however^ there xdJLl still he 
a Xead^thy physical lioltltiQ point; unleee a cooaon usage seheoe such 
as tliBS-shezlng is icpleatented. In general^ trends eese to iodicato 
an iocrease In the use of such centers in handling coc^lleatsd projects; 
vhlle sli^le or basic jobs seea to be sore and sore perfomsd by means 
of hand calculations; os the firms becoos more accustomed to the eom* 
putatioQs inherent in network analysis* 

h,k Bato TransiidssiOD 

In rop3y to a luestlon concerning the use of such data trextsals- 
Sion facilities as the Bell "Data-Hione**; not one firm indicated that 
it had even attempted such e teehulqus to reley infccmtlon from field 
to office* Such inforcoaticn traaoodttcd could be; perhaps; tine rec* 
ordS; oateriol arrivedS; progress; or delays • Such a scheme could be 
moot helpful to a coc^pasy which hao taken on varlt in an area outside 
Its normal geographical ephero; and some distance avsy* Most con po n l eo 
frankly admitted that th<^ were not at all avara that such eystems were 
available; and did seem to fosl that the idea %»s worth further Euaalysis 
by the firm* One company was working out a seheme with its caaputer 
arcntol center; which would enable its field personnel to transmit doily 
changes to the CBf oiKtvotk directly to the computation point* In such 
cases the relative importance of the project oust justify the costs 
of data transmlssioc* tEhe writer does feel; however; tl^t the use of 
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sMisb data txmaMdaoioa faoilitiaa vlU ba 'vaotly ineraoMd in tba wry 
MOT fUtuv»« 



4,3 fluroary 

X& GKseral it is f sXt tbot ttia eoostraetioo inOastry viU bs 
fairly slow in ^usgpiBg nfou tho olsotrooio data sroeassisg bandMogoo, 
prisjorily dns to thrao oaosos. first tbs eonstrootion indastcy is 
rasarvsA and coosoarmtita and has a oora or loss *vait and ssa* 
attitttds* Secaadly^ tho vest: itsolf is oost diTsrso in noturo and 
eocapaay samgeoaoto fooX# right or sroag, that it doM not lend 
itself to aatoeation* lastly, tho voiy siss of soEy ecostxuotion 
coogenies ^rsoludos the porchass of, or ontraneo into, rental egrss 
Dents for eucb eo^pensive installations* 

An increasing oso will, however, ba asds of oospctMr tins 
rental centers, particularly on eoaplicatod projects* This will 
becooe oosti prsvaleot as a lareer nueiber of tlxem beocos acre pro- 
ficlent in the usee of CH4. Time- sharing installations seem to be 
tbs answer to the prOblm of the necessary redaction of turn-around 
times* such orrangooents will eventually prove vary satiefaotocy, 
and at o relatively low cost* St is further felt that the use of 
data trcnsalBsion fooilitieo will also be increased os the xums of 
CFM beeooe core universally aeceptod. 
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CCI{?Airr CIM MCaQR0U3D5 
?•! Ccwpmay CPU latyodaetlop 

Aa Q etortlisd palot in tbls sbaao^ tba oossaaiaa ner« qwratloced 
partaioios to the ereao in Vitiich thay tMxe introSuced to CB(; and as 
ooe will aae In the folIc^Ting rccoXte^ this proacnted a efftctma of 
gpraat variation# In susmzy the reaelta read at foUouaj periodical 
literature^ aiscty^five percent; acadcsic Inetitations or CFH oouraes^ 
twelve percent; trade or profeesloaal sooietleB, eleven percent; and 
froQ cdscoH^aeons soorcesi tvolve perceat. As would be expected^ 
evcEZy coGcejeajr contacted bad at least heard of CBS froa sosie source^ 
be It euthoritatlve or not* 

RegarcUn^ the areas of periodical literature , soae coesasot 
is izideed in order* As woa In^cu^t forth in introduction to 
IMe paper^ It was in an attest to iaprove up^ the results of 
of those articles that this worh was undertaken* Most of 
these articles sitsply were cot at all general encu^ in character 
to be great vaiue. In &2£:ost. all instances^ they sisply pre* 
seuted the views of a particiilar eonirtzuctor or proijeet adalnis*> 
trator ecocemins a specific cootraot^ with a rather heavy bias 
toward those with successful results. Zn actual praotiee, acre 
than one fira has been seriously led astray nlb&a attesortlng to 
app3y said articles to his own theatre of work. Zn all fairness^ 
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It csz 0 t be stated that these reposrte did fuiflil a fairly Iqportant tosh. 
They ssrr^ as a sort of "herald" for CBi among the construction ioduetry, 
and th^ also helped brooMoun the natural conservative and resiotive 
tenlencieB of aaxQr construction perGonoel. To this end, It is felt 
that such ortleles axe infocnaative and vortbvhile, and probably should 
be continued to the eactost that they induce appropriate personnel to 
seek further infestation aaod assistance concerziins the respeetivo pro- 
blem areas of noto« It cannot be omphasisad too etroi^ly; that these 
reports are not at all substantive enou^ to bo utilized as salda llxies 
for a firm attesting its first venttcra vith CFE4* The ne 0 atlve results 
of oosppenles contacted vhich attempted this ap]Enroaoh should ba axgple 
vaming tcac the vary* 

Where does ao& turn for true autboritativQ and instructive 
information? survey iresulto seem to point to tvo prioa sources: 
appropriate academic iastitutions and professional or trade societies, 
along with the specific Gi94 course of Instruction offered by these 
groups* It is the specific goal of these tvo sources to fornulato 
and present cevr conc^^rts, ouch as CB4, in the best toannear possible, 
with as little persoKil bias as possible* The viniversltieo are 
natux'ally well versed in CSH concepts due in no srsall port to their 
capable staff personnel, who spend parts of Ufetioes attcoqiting to 
test, evaluate, ii^rove upon, and present such new tools as CFH* 

•iSieir effective teaching skills ore also most appropriate In pl anni ng 
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ani prsBoxtlog tits so>call3d CRI ccorsaso !Shasa eoirseoj usually a 
vttok or tvo In length, present tha entire concept of CBI to elase 
grotqts of broadly diverse baclcgrcRxnds in a sont rtspaetebla aanner* 

They all cover every aspect of CB! vhloh could poaoibly bo applied in 
tba eoswtnietlOQ field, and tho coarse student seed oer^ rule out 
tbooe iportioas uhieh ho feels do ziot apply to his partlcnlnr firs* 

The tsodorate cost of ouch coarses is also an added inoentivo* Tiros 
vhicb have sent pereonnel to such csrsimrs, in alnost all cases, 
report that the imrestoants have alrcsody retumod outstanding dividends 
in tanas of ieproved Job control procedures and soootbor cdsdlnistration 
of projects* It is strongly reeooEaonded that all coi^aay key personnel, 
including project superinteBdccte, be sent to such coarse presentations, 
oven if only for iUustrativo paspooes* Tb» ooesaents sade above apply 
with equal emphasis to true trade and professional aod^ies each 
as tha Associated Gcoeml Contractors, in laost evezy regard* Tha re» 
sources of such groups have been turned in great degree touexd aztolyaing 
CB! procedures and instructing thair ae to their proper and 

effective applications. Sooe constructoors vere taore inelinsd to rely 
on iSdiS source, rathsr than tha acadeaic groups, becemse they felt acre 
at hose in these famllior surroundings* This idea has great oerit, par- 
ticularly vAien one considers the points of vicfvs of most Job superin- 
tendents* Regardless of tdvathor they be academic or trade groups, the 
courses outlined above, it is felt, are of great value to all concerned* 
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Two fioal pdLir&a ulU nou bo diocusaad* Tba first of tteM eon* 
corns tho pa s aln g along of CEN infoaraiatloo bctwteo or oooog two or oors 
eoeq^&Diss^ and ocOy a few woords ara oaafiaA* Saeb prowoliptton oauaUy 
results freo joist Ttnture cosrtmts or Mqplo frianUy and ooicwtltlva 
dtseassiocs* l&en aecc^tins tbssa eoaassts^ one oast be vazjr ctjactira 
and OBlDS wGXf affort to a»3yt» tbaa with rasprd to ooa's own oparatlocs^ 
and aot tboaa of t!ia r^orting flea. Nsoqt of tha aaaa pitfalls are psra* 
seat hare os waro so in tbs aaocapt of dlssaal nation tor osaxis of periodical 
ortioleo* 

As a final point 1st as discuss tbo rasolts of two flxas eoa» 
taotad^ which received their introduction to CRf In on actual oootraet. 

Beth fires wera awarded ccartracts on gootsmscnt projects which opaci- 
fied that cm oust be utilized^ and naitber fira bad prervlottaly knoim 
that eroeh a ea^u)d bad oven e:^8tcd« Seodlass to sasr^ tha resolts 
wara both costly and nearly diaaatrooo in both eases. A CBi consislt- 
ant fir® had to eventually bo called ln« with its asBOOiatad expense^ 
in ordor to oalvaga asy order at all, and also In order to satisfy 
the govoni®^ requirsnsats* Suffiee it to say that, ao relatively 
Biopls a tool as CSK ia, its Icqproper and ignorarst use will surely 
result in a cost ux^ppy ending. At tha rlok of being re dund a nt it 
is oaphasigod again that CEt4 is not a pejoacea. 
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5»2 CHgj Its Leagfeh of Uce and JoT? Slats 

The coc^>aQie8 which had already utilised Ci% in their operations 
had done so for periods ranging froa a few months to over three years^ 
ulth a two year span being the oost prevalent length of use* The firm 
with the longest span ia considered by many to have been the true pio- 
neer in itaplemsnting the uses of CFM in the construction industry. 

Siose firms which have only recently entered the fleldj or have yet to 
do so^ are tfa^ more conservatively managed companies or the scalier 
ones; end they have adopted a genexsl "wait and see" attitude and have 
been hesitant in risking ai^y funds in the method. Surprisingly^ a few 
of these ore relatively large fistas^ in terms of anrarol voluiaee of work. 

The magnitude of px'ojccts xvhich have been controlled by moans of 
CBi ranged frcca fifty thousand to sixteen million dollars^ with a heavy 
leaning to the more expensive vne^ks* It is ^nexally felt that the 
sculler jobs aro capable of being equally arvi effectively controlled by 
conventioiml means^ with a lower overhead cost^ except in the ease of a 
hi^ily cocjplGx project. This tisy be so, in any case, the flros con- 
tacted did state that any oiso job could be controlled utilising CFM, 
although the results may net at times justify the cost, or nsxro so, 
the added work, in the case of slEsple vjotIc. 

5*3 ^S^ipes of Construction 

The sample empanies had utilized procedures on the following 
types of construction; schools, hospitals, hi-zise office buildings. 
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r t UMrel i labccratcriM^ w^or ecBaeTOl > l tom^sxta^ hefysHA, taetcrlm, 
tp^t ecntcn^ alMils 'bM« 8 » allltaay Sasre* ap*rt«cst uil 

bottoing ecqpl«8»0« bt^SiBsyo^ pscviag^ aatmtleoa ud rthiMHt«tiop»» 
Again ttmx 9 edited a hsravy ioeuxing to tboie jobs itddn win eoe^Xtx 
in natuxoy noma in deotga^ or those vhieii nquina an intricate 
se ho flu Jo fer delivery of coaponaiita or ooeapanej* 

Ihm also saesed to be a trend to ooet iitillee the caneepta of 
CBS prisaozUy on ^cro^acti dealing with baildlng oonstvoatioo eethodi or 
r<datad fioMs mdi as industrial ^oba* Bio naibor of CEH eontroUsd 
jobs in tbs area of bi^eay, paving^ or any repotitivs oonstruetlon worka 
wm in definite oinsrity. Xt ia felt tl^t pexbepe tbe approjirlate 
nans^rs either felt that such projeote vero already edogn^tely con^ 
trolXod by ccaventlcsol ceans^ or said oemagon ware not aa yet aware 
of CBS poseibllitles in tbe field of controlling ostertal and worker 
arrivals. Hho eonoept of appropriato work areas for CBS will be eore 
fully discaoied lAtor in tbie papor. An additional fields worttaj of 
fastber researeb and study^ ooncoms the appHoaMlity of GBI in corpo- 
rate adsilnletoitivo fomtlono. Bila eoald be o csost reuardtng field 
of endeavor; bo«ever« Its dieeuseion ia b^oed tbe scope of tbls text. 

5.4 «ae CBS Used Voloctar&ly? 

Sbe coxpaxdeo which had trfcilieed CBS were qvwBtloocd aa to 
whether they bed done oo voluntarily or due to specification regaire- 
seatf particularly with reference to their first CBS controlled project. 
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It; is iMlisvQd that this qas sti oo is oC g ps a t sufbstaiacs^ os «e»*a aopf" 
«t«tioo for tbs possiVLs valsxo of CSlt Is das in no sasU xast to coo's 
oKpsrlsseo on ths first cootx&ot so oootrOUsd* fbirt^-fivs pcreo a t of 
tbs tasglo vtiilesd CIM atrist39> in s volaotssy tmaxmtf snothsr tbirtgr* 
fivtt psrcset has ns^ dSi bc^ volnntorlly sad ss rsQiirsd^ oni thirty 
psreant has vtilizsd OPK ooSgr ^Aubq rsqairsd to do so* A dcfinits trsni 
or ocrrsSatloa sescas to prsasnt itsslf hsrs* Of thoss fiivs iftish bsA 
ca3y sttsoytod tbs uss of CBS iA«n ssqpnirod^ all tot cos rspcvtsd tbit 
tbs rsaoSts of tbs rsspoetl^ oootsccts vers oaeh Xsss ias^rsssiTs ttnua 
bod bosn Qatloipstsd* It sscas tbat this ms das la Xsrcs Dsasurs to 
the fact tbat^ in these easss^ the coopexor aam^imoBb did act at aH 
traly attco^ to inoozporate CRI into its vcn^ procadurss^ hot ms 
oerely fulfilling the spsoificat&cn mgaif^msts* Tbio cocospt is onrs 
fully troatsd in Chs^^rtar 7 of this poper* Odd added pointy bovsver^ is 
that all of tfaess firms apparently rsallasd tba aotoal ihortoostogs^ sod 
new have ccaasnccd to corrtrol cootraots voluntarily hy osana of CEN on 
asttsr ^obs^ and plan to oaks thsir tros ovolnstlODS bassd upon ttssso 
Tjribiaeed trials. The gressp of firms vbieb now usss CPH both volu nt a ril y 
and when retruired bed performed oindlor evaluation tests on thsir first 
jobs; bo»sver« in these eases, there ms no inherent asto^poisa dus to 
epeoifieation requiraasnts* 

5«3 CEM and Bidding 

Seventy-five percent off tba coaxtactod fixtts stated that they never 
had, nor do they plan to, utilised GSK prooodures in bidding a parojoet. 
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prtOQT liO thft cotsteftot ftrVard* !Eh9 oajcsr rvaaon glrca tap saob e otc^* 
tivE Ettitads VEE tbt faet tliEt» under tbo sruEt unourtEtctor or lew 
prcibdbilitgr tbat tbm firm win etotiaU^ win tbt bid, tko expebm at 
prrsmrisia a C£M notvorlc wee tho«^ Eim>3y too flTEEt* It 1e thlE 
writ4ar*E o^pinion tbat tbis is an oycy«»flonerall»Ed tnln of tboasbt* 
SiziCE bidditis in ItsElf UEualSy KxjuireE a rary thoroE(b amlarslE of 
tba Jc!b in oaostlon^ ono could vary eaeily sksteh oat a "oacroEcople" 
CPM network for very gonerftl usee onJy. One would then loom snob 
things as the plan&md cooqplEtion detE« and possible voi^ proeedore 
dEEcrlptions* Steeh a rooj^ sohodule eoold bo dervlEEd at oleost no 
cost vI»tfioevor> end it could also p r o v e to be of grost value in 
preparing a bid. 

Of the twEnty*flvo peroeot of the f Iras ^eh bed atteaptod 
each proesditfeo^ they are all truly sold on its benEflta. Ono 
coapasy related an intEreatlng cxpsrlenco. Xt oeaosd that no con* 
tractors submitted bids on a particular luip-om Job, ss they all 
felt that tho ccepXstion date was sot at all rsasooEbls* Ihe fire 
in quostlM) i^epored a preliainary CK4 network and found it could 
aetaally oonplste the project in even loss tins* Xt was shle to 
ccQVinoe the owner and architect end then pro ce eded to negotiate 
a oost-plue cootraot. It is sincerely rccoomndod that oontxaetors 
this concept of pre-bid GSM use in grsat detail, with 
expected oost probable gretifping results. 
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5»6 Sommxy 

TbX» eliaptor €spAflor«d in grest detail tha Booroaa from iddLch 
eoofcxactcro f irat laaraad tha roSi&e&ta of dl(^ oetd alao csda deflnita 
reeoaaa&ftatioas for tba fiitttxa« It alao detiiQlaad aaOb 'badcground 
icfomatlCQ as isostb of tias utijog Caij t£w ateaa ef e«xtraeta« aad 
tbe types of \iosk utiliaad CEN* Coaoanls vara also isx&a rassrd- 
ins tto neea of CBH assd Its vavSancos« dsffmSias apoa vOlaxstaxy or 
apaclfiestioa reqolrsd appHcationa* A stroog raeaaaaodstloa was also 
cads on bohelT of tho uso of CW.^ at Isaat in a roufit^ fom^ in tidSiae 
]^roeo&tree« 
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CHAETEH 6 
CFH USAGE AHAI2T81S 



6.1 Sub-Contractora 

The firet topic in thio chapter concerns the question of the 
method In ubleh Bub-contractorB* portions of vork fit Into a CFM 
performance contract* It ie fair3y uell known that this area has 
proven to be a probable trouble spot for all canasers of construction 
projects^ utilizing ex^ form of atteipted control* Missed starts 
or completion datcs^ io^roper porforoance^ or even incompetence are 
not at all uncoman in this area of sub>contractor dealings. One 
esiecutive seriously stated that his coasumptlon of aspirin increased 
more due to sub-contractor problems than as a result of dealings 
with cwnars or architects* In attempting to control a CPU network 
procedure^ proper inclusion of cub-contractor work is of great 
inportance slnco^ of the firmo Interviewed, roomily sixty to 
seventy percent of the actual construction was performed under 
subcontract* t^cy procedures were attempted as will be lUuotrated 
below. 

Thirty-five percent of the compaalos handled the problem in 
a purely general tcanner* They did not at all attei^ to determine 
the CRI e^^rlence or capabilities of sub-contractors, nor did they 
attempt to educate them nor force CH4 concepts upon them* The sub- 
contractors are recueoted to furnish firm estimates of durations 
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for their vaxlouo aspects of xrark. Otilidoe this Inforastion as a 
coraaX tiae# CFM cotvorko arc dsvclopol in the accepted eenx^* The 
cuh-ccatractors arc then ftimlehed a copy of the final schedule with 
their appropriate start and oo6g;detioa dates tberecn* She respective 
fixes reported that this asthod «ork^ at least eq.eal3y as veil as 
ceovantiooal ecotrel Bteans# althoa^ ons firm did report that it had 
eccooaterad serieus difficulties cm aloott all work, ^s latter 
ceamexxt oeoae acre in order# vhen one eoasidara the aocxint of work 
done under suhccrntract* Of aaore Bigntftcaaee is the foot that such 
work is usually of a speoiolized or highly ooaplex mtore and uould 
thus he most prone to uneopeoted delays and intricate material 
echeduloe. One of the prime benefits in CSti uce is its ability to 
aid in controlling such coeples and diverse elaaents as voald noraally 
be perfozmed under CFM* TtxiS) the method of coi^lotely ignaring CPM 
in the control of sub^contractoro seec^ to be less than the ideal 
solution* 

Sls^-five percent of the firms# however# did state that 
sub-coactractcro ’ subsidiary ootvorks are an integral part of the 
CFM applications and ore develo]^ in a d^nth sufficient to achieve 
and maintain txua overall control* She only production restrlctioa 
herein is the individual sah-cerntraetora ’ Gxparieaco and hio aduea* 
tioml position osx the CFH learning curve* The eub-coxtractor# It 
foUowa, must be consulted to a considerable degree in the preparation 
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of tbe echodola! aad cosuetjoesUy^ be met aleo be held to hlo schedule. 
These finse reported tbat« In olisost ell eases^ results were eenaraUly 
very revsrdine and each atteapt in this isfumer showed great ie paroy s taegt 
over tbe last, as both the ^oe and sub^ootrsotors bad increased their 
CRI capabilities* 

6.2 Mador Cteina with CBi 

Mben aohod vhat m^or gojUa is to be recognised in oslng CFM^ 

Just over fifty percent of the fines m^ortod that it showed the Job 
ioteir-roletlcashipo to the esai^ser in a meh aore detailed taenner 
than the Bar chart bad over been able to» ae Bar chart effective uee 
required & great deal of actual e^astrustion experience. Material 
delivery dates and actual crrlvals could thus be tsore effectively 
planned^ along with tho sehedulo for hiring of ekilled vcrkers. Zn 
geaasal these pecsdo folt that> in effect, CSK use siaipty an added 
tool in tho bag of the managers, and it esablsd bia to get a better 
groty of particular Jobs. 

Fourtoen pereont of the fines felt that tho fact that ths 
project 6upcrint^))dcat and pe^ject sanagsr vero forced to beeooe 
extremly well acquaiotod ulth all aepsets of ths Job in all respects 
inlor to tho actual constmetioa was tho price benefit in the ues 
of CRi* Usoi^Lty these con bseaae intorostod in particular Job 
portions onty when trouble developed, but they now snst loam a 
great deal about most «^li aspects sicqply in order to devise the 



Hi • 



4 



•tf«^ 




tMi 

















41 



^0 %l 



• “ 



•• 




II. f00sim 



I 



■’I '*» • • 






I 

















I 






• ip«oi« ip« 



% 










!•# ^ 







|^«4 



4i ^1 











m-- 



36 



project oetvorke Gx^ted that thia Is an added advantage in tbo uec 
of CFMf it Is not felt that it ehould he classified as the oajor epln. 

Yet another fourteen percent f olt that the ability of CH( to 
pinpoint possible probleQ ax’cas or delays earlier in time than pr«vl> 
oosly possible vas of the \ttmost Importance* The remainixiG people 
vexx) of the surprising opinion that CPti Is best utilized in substan<* 
tinting requests for eoctensions in Job cocapletlon dates or even in 
verifying contractor claims before the courts. One flztn reported 
that through the use of CFM it vns able to defeat an ovner's attempts 
to liquidate damages by proving^ ulth its network analysis^ that the 
delay in the actual ecntreet completion date vas in reality caused 
by the owner in his given directions. 

general experiences of the contacted firms was that all 
Jobs which had. trtilized proper application of CTM techniques were 
finished within the acceptable time and cost limitations. CH4 further 
de*empbasizeB the dnor time and cost-wasting activities and stresses 
the oajor coatroning events. Also, all personnel concerned are 
working from the same program which delineates Individual reeponoi- 
b5.1itlcs and, thereby elimlmtes a large portion of the conjecture 
inherent in previous ccnvcatioaol control methods. 

6.3 IteJor Drawbaoko of 

In answer to this question, seventy percent of the executives, 
replied that diagram updating, with its associated volumes of paper 
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vor)(^ vae the prloe drawback to the effective use of CFM» A good oAny 
of the flnw ^eh replied in this csaoncr also added that this attitude 
vas most prevalent In CHI requlrod costraets, which also stated that 
the dlagraaa oust he updated regularly. In reality^ updating need not 
at all ha each a great drawback, even without the use of oloctronlo 
ocGQOters* ie no real need at all for the updating of diagmoo 

la a presorihed schedule. They should be oo updated only vhen som 
E 30j<ar ^cA> ecotocf has radically veriod froa uhat was planned, end fur- 
ther ^oh control is sickly not poesihla by oeatns of the present 
diagxmi* In updating, first, all coagtloted portions of work need 
not be reputed on the mu diagram, and those aspects yet to he 
occoffipllBhed esy he grouped together in eegsccts in devising the new 
network. &seh a schesGC will give adoqptate control Informatioaj and 
if oore detail is required, any of the bread oegEoent activities osy 
he easily examined in grater detail. 

Thirty percent of tbs fUnss felt that the esa^or drawback vaa the 
cost of devising and keeping up a CRI network, iaclndlng the hi^ costs 
of oocsultont fees when necessary. Some stated that in certain Jobs 
theea costs were even grtsatesr then the henefite derived from CH9, 
whatever they osay he. ^lis argument does not at all seem to be valid, 
based upon the etatemento of the majority of the firms interviewed. 

In all fairness it must ha stated that certain firms felt there 
were not any real dieadvantases to CH(, but they merely listed a minor 
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dxttVbaok in order to foUiy aesver tho quostlan* It id thio vrlter's 
ppiolon that tho eurreot ixixa& difficulty in tho appUcotioo of CH4 
ii that the te ohn l e al otote of the laothod iteelf is far siqperior to 
ite rate of ohaorptloQ hy the opoxatlooal foroee* 

6.V Otograai Ppdatiog 

tijpdatins fsreqneocQT ie of oooree a eoqplately eariehla natster 
depending entirely npoa tho Job in question* Sho quostion vae pre- 
eented to oeroljr dotoraloe it updating van practical at all^ or if 
it t3ore aoectapliahed on a resolar titao hoais respordlego of the noed 
or orsonsy* Thorc van an oloeet eon^lcrtely even split asong tho 
ooq^eoieB on this topic with one third of thee updating only ^dten 
required due to vast Job probloas^ ooe third ttpdsting oo a striet 
tiae basis such as weekly or taaathly, and tho reeasindcr of the fires 
following a course of ooc^lot® lack of t^dating regardless of the 
situation at hand* The miar concloslOEi reached os a reeelt of this 
questiem is that updating frequency should bo dctor«iQed stslotly in 
wl't^ the pgG«calotil 9 ted prc^^ility of varh dlffletUty. 
1 Mb is to say that a hi^*rlek contract which is progrsansd in 
great depths with a Tory restricting ties liaitatloa, weald be 
reviewed very often and updated es neaded* A leas desanding pro- 
Ject> hceower> would be reviewed leas freqiizeatly« which weald 
probably result in less frequent updating. 
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6.5 Ctooeurrent gs# of Bar Chart* 

Tba labervlwtes vara cujbod If Bar or Qarmt ehoart* vero drawn 
oad U8«d for oootrol piorposaa of any oort ccocurron fely vltb thn 
CM Bctvotlt. ?013y elgbty-fivo poreont of tb« fianas otatod tbst Bor 
ebarto woro indeod dravn op oloeg vlth tho t»t«carka« ami ooat of 
these eocpaalea used thssi to assist in ccctroUloe the vork^ ae they 
waro stilX **faelln8 their vay” in the use of CM. A fev flroe stated 
that the charts vero dr&vn for diepiay pnr p oc ea only or to docconstrmte 
progress to ovcers tdxo did not fully uaderstecd operations of a 
CM netvosk. Seoo drow up said charts for the benefit of farcoen 
or xscrtors uho vsre oore oeccutaaed to vorklns froo these {paideB* 

*SbCt oajor eouputor cmaafocturers recognlee this tendency ee they 
hc-T® dsvQloped CM proarass which print a oodif led Bar chert output 
along with the CM ochedulo. The Bar charts drawn froca CM netvcrhe 
are basically i^re preeiee and eoelor to draw than m»*CM 
dericod charts. If CM beocses bo?o geaoarolly aco^?ted in future 
years# this redundant effort will aleiost surely bcccoa nco-escistcat. 
The Satr CJart will# hovevar# still reoain the pslaa control doctt<> 
ffisist on fairly oisq^le Jobs fox* which CM nstvorhs are not developed. 

6.6 Cmmxsr Tralniag Frograoa 

We shall now consider the aost iiRportont concept of proper and 
coopleto indoctrinactioa or edaeation of coopaay personnel# portleulorly 
the vos^erHzanassr individual as rcpreeontod by the JOh superintendent# 
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in the €t CSH toelmlques end icplaneBtetloo* Xt is eoet cvidMxt 
that eay Tjxosmi a xo at laethod^ rogasdlese at its poteatlal* ceoaot te 
attoctlvaHy eqpXoQfed unless the perscmael eoactraod have at least a 
baeio hnoelados of the partioulav tool’s opasatioDs* Ccsiatderiac atidi 
a dlveffso sod dlffoarsst oozmtraotlQn sebodulio^ tool so CIM^ the Idas 
cf peeps? sdaeatloa Is oost leportaot* One taist natosallar hnow shat 
eSM is and hs amre of its lidtatio&s in OTds? te devise a ootsoz^ 
diagroQ; and cs&rasasKjb poraoansl cBost he osaars of tha oauar cm 
ooapGasBts* 

In odditioQ to this vail teosn ccascsst^ CfU pzesoats on eddod 
sahtle prciblcai* Ih eost oil ccmstraotion prodeots^ it ia the tme 
slEilled voTlsst^ tho construntioa euperintendscit^ sho aetaally dirsots 
find controls all productive laibo?« It is thda aaa lAio is the tsve 
**1)063” in the eyoa cf the vxzrkorf and hs "est thinss dene” • 5ho 
ocapoaisa report that om cf the pamneot prohlses shidi east ho 
ovoscoEDo in iotroducins CBS Is the stroos actagoolsai di^lasred her 
saperixxtosdests toMorS this new tool devdepody not in the fields 
bat in ^s conference x'ooe« Ihsss esn^ then> east he sffaetivel^ 
tsa^ the hasio rudisentc of CSM as a definite prersqaialte to 
its sucoesefbl use« Ihey need not at all learn the theory cf CCN> 
hot -t^ey anst he ovara of its general capohilitias, Uaitatiooe^ and 
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Sijrfcoea psreciTfc of ths eo22>an3,es reported that they CESiitv®^ 
no treulning procraa of any kind, he it a form of defiaito CFM courses, 
ar InfcsrosDd cccipaay Eeetiese* She pricaiy defease put forth \nia that 
the costs were too ^eat and ©sn such as project cuperinteadents coaid 
nort ho roleaood for a period tics to attend lectxires. This la not 
at all valid, ao such c o;c''t;.c \ ccuM occur in abort tlsae intervale 
cuch as one hoar per vc :I , or cvea between ^le duration of actual 
eontsaetD. It is intsrectins to note that these firms \«sre those 
^&ich felt that C?M vm only of very Malted uBCfulassG at best. 
Ancthcr ei:ny percent of t^ cospanies reported that they pernued 
eotivo training progrrana, but included only office perconnsl in eaid 
GQSS^.cnG: Field people xjcro esKCludsd on tho preniee that they were 
either uaw5.11ins or incapable of acceptiag cuch a technioji©. 
cciKpanieo for tlx tson-t part ^fsra those vaich reported great eurtiagoaiea 
on the port c- . uparintondents la is^;lC 2 oatiag CH4. She remaining 
trronty-feur peremrt had Got'ap vigoexas cdncaticml procedures feer 
aUJ. ccucorncd porsoansl, and th(^ rspo:!.*fced that the results woaro 
cost gj;atD.fying. In f \v“cr. it ic folt that sv^erintondonto oad 
eagineers shciild wri: . .-'iv.J.y cn perfecting CFPl procedures 

■bst^'oen ^c^s, and that sJJ. newly hired pernonnsl should attend the 
formal or ssai-fort^l courses effes'ed by ©any sources. Ebasctl^’ 
this ti’cnd seesis to bo appearing to a ©t’eat eccteat in all large 



GCKspanieo. 



6.7 CBI Coosultaats 



Sto firsis Mforo qu^stionod eoaccroins the iise cf CBi ccnsultauts. 
Soveiiity percent £^ported ttot either th^ bad never vtlllzed cox^cultonte 
in this area« or tl^ hod done eo <»ily on their first G&i ccntracta* 
Aaoth^ fifteen perc^ had ottos^ted sttch t;:s9 oti taaro than one ^Ob; 
however^ the reralts uere generally po^. The onjor f suits oentioo^d 
were the saesing^y eos-ts of such ecsviocs^ end tho 2*ak of real 
ccnstruGtioa ejiperie::®® or ability on the part of csost consaltaots. 

In GSEy lastasGaa thcco advisors had to ba ‘’spoaa-fed" coacoralns 
construetlon proo(^ar, . . t percent of the flrsaa, all of rela- 
tively ossll 5ise> repertt 1 eoatinaed aaccesefal use of ocmsultant 
fiifias. St tsast bo stated that the availability o? such scaaroes of 
acsistaace is wc^&b^Siil©., even if used only to bail cut a fista vhlch 
has run in&o waespeeted difficulty. Koro will be said of this idea 
later in this paper* 

6.8 CHS and gre.1gct Cost Curvsc (Crashing) 

Only two fines reported that project cost curve oicteasiona 
of C?ii trorc In any manner. Even these flnas vere only 

projecting eueii iteas go Esnlciadias costa# total costs# and ca&sh 
flovm. The prsvailicg thcoght casprcsccd «ao that oonatruotlon Is 
siaply too uaprcdictable ixt isotfc, I’csirds to allou furthor refine- 
aoEifc of CR3 into siich arc c ti\jc crash-coat casrf^. The input 



data vaoJUl only be a vesy rou^ estlaote^ oad axiy such attcs^pts voaiA 



he ftxtils* The inriter is vexy (such incXimd to ^ree« 
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mKAGEMsia? PAmciPASiiou m> cohtrol puccsDoaEs 

7«1 Sicecutlve Inyolveaenrt 

An isportiairt Tasisic j^ecept of adaSnlGtrati'.^ theoa^ ststec In 
effact tiliat, if any adminlstztitive procedure le to succeed at all^ 
its concepts csuot be truiy and ccspleto3y t^held^ pressured^ and 
enfj^CQd ly the highest echelons of ccEroary exocirtlvo Baaageseento 
With resard to such a novc.l conaort as ths sbove recosaeiadstioa 
Is of great li^pcrtancc. P-aGtirdleso of the asount of CH4 support 
easpressed by project zanagai's, its effective ioplccscntation will 
result only when the cxscativ® of the fina also disploy great 
csatimsiaEQ in tbs concept. Shes© executives asuot further etrongiy 
publiciss® the fact tte.t they truiy dosire that CK>5 be accepted 
and ouecsBGfl^lly Ic5>lc35eatedj aodj if any failuros do result, the 
Qxocutive tsuot dessacd to know the reasons, and ha oust further 
take steps to correct ary faults. threugh such coastaxrfc 

vigilance cuid eggressi^^e executive foreefulnoso can CTM be effec- 
tively ispl-sscnted. 

Kic intervie^*ed cosspaaies tjsre asked If CPM syetemo tiaa 
was spent lay axscutive esaaagesent in proportion to costs and/or 
expected potentials. Fully ce\'orr«y pcrcoirt reported that this was 
not at all done. F-ceccnc ilvcn varied from ©splamtiaio of apology 
for the ccasesvatlve nati^re cf tho coq^uy Gffinageasnt to atteapis 
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%o pass tlio faxslt oa to the twst& that ooct executives vsaee fairly old 
and (so@t ccotent with trcdltlQQal oozctrol oethodo* Utaloea ^cb exec- 
utive treditlozis are overco!&e vitb hold ojol calculated offortsi true 
CBM iaplacisatatleas uill not resialt in eoapaqy efforts* ^zo finas 
vhloh bad the deairtsd cscecutivs p:i?ticlpatlon repcnrted that CRf activ- 
pro^i^os v&s reported cn a s:’e(plar haels^ oithear dally or vsebly* 
BxcGU&ive then uould react vith effective zesedlal chocks 

if algnlficant dsteriomtlDg tr«2dQ car variations developed* 

7»2 CBSa Pi vi sloe Raspoaeibility 

Xn ell hut throe cases the responsibility for devieias tho 
CF^ project networks and effecting its cootrol rested where it truly 
in the constructicn ctr aporstioos divieion of tho fira* 
Izadividual responsibility ms uemlly delojsatsd to the individual 
project fsarngor* It is felt that this is the daaired szothod^ as 
it la just this area of the cceporation that aaiet utiliee the CSM 
capabilities and should;, therofero^ maintsin cvemll cont3t>l and 
respcaslbllity for their operation. Two firsao varied this sli^tly 
by resting CFM respoiasihility t;®on tho ohould«ra of the chlczf englnear* 
Ckis f i£ta stated that overall control of CHS us© was left to the 
procaresaeat office* Whilo tbos© variations say have sot&s ossrit? 
it is considered that the foruer techniijue is Dost desiraaiblo. 

In order to truly wield responsibility in ioplcsentlog CBf^ 
the hl^st officer in the area responsible for CHI operations tmst 
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be of adcijuato rai^E in the conjpany cc3?porato chain to be able to present 
his thoa^ta effectively to the chief ejwcutive officer. Fifty pereont 
of tba conpanioo reported that the chief CHI cawdimtor Kao on tho 
eecond level of tho corporate ladder^ usmlly in the person of a cospaioy 
vice-president. The ressaiaing fifty percent had lowered the responsi- 
bility one notch;, to tbs third level of corporat® structure. Fros this 
result it would appear that so Icuag as the CFH ejoccutive is positioned 
high enough to Irave cceporate stature, the CPK effort can truly succeed, 
provided this msi playc e:: ofrcctive role and io given tho kiM of top 
©aJSEgeamrfe Icederebip olrca'^' dsecribed. 

7.3 GH3 Post-Job Follow Op 

!&e firsa ware reguaetod to s’tato if the use of CPM on j^xticiHor 
jobs was folloi:ed with great c£f€St Ty top ^magesont in an attespt to 
evaluate costs end productivity and to further attcapt to ovalmte any 
efficiens^r gained (or lost) by tho ueo cf CB5. Every ccss^iKuy ancxrerc-d 
both assets of tho previcfuo question ia tSio case oanoer, either in 
the Gffirisativo or negative. This ic to state that there war© no split 
replies with ci yee to cae part and a no to the other'* Seventy percent 
of the flrffls otatad that thoy did not attoc®t any fcntool post- job 
results snalyses; rsrthGr they attesptsd to draw cut soae fora of 
eorro3jE.tioa froci the cr/erell ccntract profit rate. Thsy felt 'that 
csoy ffiore detailed onalyoic vrao not at all possible* Thirty percent 
the intsrv 2 .awe®s did attsaipt so:*} sort of review cueh as wcekiy 
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cost (diQclts &n& coQS^lete noacthly apporalsaXs^ foUjowed Tcty cictcQslvc post** 
statistical asd cost ei^iUiaitiaa atteo^o> Zha results varied 
coiosider&biiy; with no oecolosive statsaeots possible* Beoearch iato 
tbis area in ac attest to dsvioo a vortt^ prooodors is certainly 
desaed desireabls* 

T*h CBl Coot Accooptlp^ 

All but one of the f irtss stated that they did not attocapt to 
account for CB! eaepenso iteo^ in a particular eootvacccamt category* 

It oczisidezred that such CFH efforts were in 'tiPio area of norenl 
R^nagesoant functions^ and as such ehooM be accounted feat in the norm! 
loethod for such stesff or overhead cost It^is* !toot fims followed sccas 
sebesaa cf pro*rating distingolel^ble costs on a distribution issthod 
to each ^ob* Of ccuree ccaqput^ tims or consultant coots are easily 
segregated and usually are so accounted for^ allowing for eaiy poot»JOb 
cost coc^rieois* (hie cosssossy doss follow a strict procedure of 
accounting for all CB! associated osepenses^ to the extent possible^ 

In a specific cstegojy* included tlso spent on CfM by project 

Dsanagors arsl sinilor persorx^l. PerhapB such a ^rstea lo possible 
for ss^all fi£^ on sisallar JobO; but it is f€)lt that oich a techziique 
could bo too eu:aberease on a Eaajor oontzaet* 

7*5 CBS Group Control 

lihilo CB! sector personnel tsuet be able to operate without 
undue restraints^ they should cot of course eperate with coesplote 
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frsedc» of &stloa* Th«y oust otslet^ coordixate their actions with 
other dlvisioss^ tttch as purchasiss^ a»4 as such should he suhjoct to 
at least ncrasal ecntrol prooedores. E^Ioet all firs»s indicatad that 
there eoistsd virtuajLly no forsial ccsntrol prccedore as each In this 
area. Sfea priimy critorlcn was tiat of the final profitahllitor of 
the particular cootraet, since it tsss isost difficult to effeotivaly ooo> 
trol such an operation es CIM planning and scheduling. Shis £a not 
the optionzs pr^edura. 0ns coc^an^ did develop a forznal ddineaticn 
of checks and helancQS^ with ^cellent results^ which is worthy of 
dosuaentation. Therein^ each CBS job program and updating had to ho 
QSSH’Qod upon hy the job superintendent^ tbs projoot <q>Qrations coamger^ 
the chief of operati«3S» and ^len appansved ty the director of con- 
struction before publication. Bemsdial rceoissxsiidationo are then 
R%uis by the CB! progressing (^anogor^ a decision is mi3ap and action 
is then directed by the director of ccmstructicn. This procedcre 
is of course designed for .Inr^sr aaspoxAm* Such olooo eznitrol is 
aatural3y not aeeescaryj nor dc.9irc<!l, in tho adainistratloa of a 
ossiller ccsB^ny. 

7.6 CM aoi Partiealag ^ch geosihility 

It is graBted that CH? is prcibebly not squally applicahls to 
all types and siees of construction sK^ojecto. There are eany vtsrl- 
ables^ large or ssall, ^ch x^oold effect this ta^isare. Thsrefore 
a thorcu^ feasibility report for each prospective job, indicating 
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Goste, bcaofivOj and sricko io poscibSy "to "be dcoii'cd. Tlie 
cuxvey ‘breug^'t fC3.*«^ tlircas gsasapoX tbesse in thic carca. Fii'ot tlisro 



VG^ ■SSjg f iztje tJ^iioh rcal3y as,d not 'bolievo in CBJ nccfulnoss Gjod used 



it caly oa opasifiention rsnGit'wd ccatracto, hsacc ao tsno foaoiMlity 
study. SJie socend gs'cap vaas cos^tosed oS th© ecc^aaic© still had 



dcuboO Eibout CB3, asaS. thoso etteapted to dcfce?BiK« if CBS tjuly applied 



to a particular ’bof<xS'0 sekdog a decicioa ooacos'aing its uss. 2he 
third sroi^p Gore or loss cuStopbod CES os statsaard ps'ccedoro, and it 



attouTi?fccd to isolato thoso ^obs to ^cMch fiofiaiteSy di.d sc?t spp3y. 

I&e firsis stated that vosy fe*? as’sas t«srs not owitabl® for GE5 
application of sc3s Eort-# 'Stcy did in goasral^ iiG'JGTWf eccs to 
epoeify OCGO liaiti»g type of cenoopt coacerniag ^ "yliich tho 
us® of CH-I ?foi)14 nerb bo ^Mc soesicd to be any ;]ob below 

scEss siEitaia dollsr \’a3.u<5, ijMcLi varied %?itb the eiee of the cesgaw? 
t3itheu:b a tise esr cost restrict5.oa^ and no reaecsably dofissod ceope. 
She reader can coo that. tMo cr<:;a ic ctill very craob s^a to groat 
debate:. Speeific co-c-r- te cliZity -Jcsld play a lergo peart in any 
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CHAPEER 8 

caiPAH^ wjtsmfsm 



8*1 yield Pearecnnel 

M mo stated ^rlier the oott proaiaetit prcfhlea persisting In 
the field applications <xf CSH in the strong aotsgmilca to^surd Its 
Iraplsmostation displa^d h^ s^st all proijeet superlcteadeats* ^eee 
ssai, for tbs laost paH> Imo vorhed thoaselvea up to their pres^ 
poslti^ In true lohoe fc^e fashion^ having hegna vosk as apprentices 
or lahorers. Ctuy a very few of thesi are civil englnseriog graduates^ 
hut rather their o(hacetl<m vas earned throngih hard vsrh and way years 
In the field* It io only natural^ theroforo, that they shoald resist 
any sev isethcd *^ch u&s not field developed, iJhich 

vas pushed pritaarily hy the co>callGd oophisticated engineers or 
oysteas sralysts* 5!he project tsuperlntendcnt feels that oloee con- 
trol end progress in consitracti^ proijeots is due in no s&aall past 
to his vast esperienoe, end a cacthod oicailar to CFM vlU allcv an 
upstart eaginesr to control projocto. 5Ms of course is far froa 
fact, hut the clcmont of Joh sscarity io a very stremg iBotlvatlng 
force* 

]^3y alters at CS^ use did not at all aid in overeonieg 
this antagonlesi* In oost casoe the netvork diagram vas entirely 
devised in the office hy engineers and conoultaxxte, vlth no partic- 
ipation idiatBoever hy the Joh a^qporlntendezzt* It vos then thrust 
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upon bln Isplcs^ntatlcn* Thus ho vos saddled with a device about 
'Kblch bs k^if nothing, and he hsA nothing at all to do with its 
inception* The natural result oesued* He was far froa enthusiastic 
in ueing if he used It at allj and ho was very psxap t in putting 
tho bla&io for any construerbioa dlfflcultico ttpen CBi and it a odvocates# 
entire eicthod of (^>arating, of ccurso, is wrong, atsl it erust not 
bs continued for CBI 'to cuceeod. 

This defect van recognised ^rly Try loost flras, and 

preventative asasures warns attcapted. Soven^-fivo porceat of the 
coffipaaiss ccartacted did otata that ths pro;}ect saparintendaat, and. 
sceaerbloes othar field pcrscnnol, were included in the group ^diich 
devi.sod the nertwork diagr^* He, in cost of those cases, ployed a 
mt^or role* Thus he esade to feel that this new CR4 technique 
wxo bio tool ao well as that of tho organisatloa. Ee now felt that 
it W 2.0 his respaasibility to sea tdaat the osethod xias a success in 
the field, if at all poeaible. The firss rejpeerted that gyeat 
ifm?rovssscnt in CR4 use definitely resulted. It was disturbing to 
tho writer to l^earn that tweaty-f ivc percent of the firEcs had twt 
so yet included tho Job superintoadeat in CB! work. 3t was, ho^ravsr, 
this typo firs which reported that CSM was of little value to it in 
its operations. Sotae of these firms bad ooi^ perfensed one or two 
contracts utilising CR*I, and thoix* procedures exarely will be 



icjjroved^ 
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liore and aore companies are elevating field superintendents and 
other field personnel to positions in the CPM operations group^ usually 
in the company construction division. &ich close liason is highly 
recocscended. In suizmry# cosgilete success In the use of CE^ will never 
be achieved unless the personnel who are required to emplc^ Its outputs 
are included in the group iidilch docs the actual planning and scheduling* 

8.2 Responsibility for Su v'^ ccss or Failure 

Itoa compaiiios wore rcoiaested to report in vdiich of four areas 
the responsibility for success or failure in the use of CBi rested* 

The four areas were: CBi devclc^sment group^ esecutivo coanagcizcnt^ 

field superintendent, or C?M itself. Based upon what been stated 
thus far, one would c:(pect that said responsibility should rest with 
ccmrpai^ tsamgssent and/or the field personnel, and an interesting 
profile did result* Forty«-five percent of the firms placed this 
roepoasibillty upon the field eij^sdntsndeat, scaa of these being can- 
ponies which did not include thie sua in the group vMch devleed the 
network. Ho effective explanations of this praotico war© presented, 
other than the concept that the Job superintendent is always respon- 
sible for his contracts. Another f city-five peraent placed responsi- 
bility with cosspsx^ execv/civo oansgetaent, while ten percent pointed 
toward the group which devised the network. Saportaat to note is 
the fact that none placed blasaa upon CPM itself. This would lead 
one to conclude that all firms foal that CBi is a definite worltable 
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too3L« az3d the qmlity of Iba success rosto solely vTith the oejmer In 
tahioh each coossacy c^loys Its coocepts. 

8.3 Group Maaag^^o Baokarom^ 

With today's great ce^itiuaLsle upon ^ob spceiaUssatico^ a questioi 
was oehsd of the iatervievoofi «hioh ettessptcd to loam the gensral 
heckgroccd of the osoagsr of th« €IS( group> eooealled* This vas ea 
(gff03i1^ to doteratim if the eosipaaies bad brought in ocrtolde epeclallsta 
to head up their groups, such os (3$ concultsots or cystess axsalystc, 
in lieai of koi^ing control in the bands of o<Ri 0 trsctioa people, share 
it surely bolongo. Tac :i^tter rec<ra 2 sended InAlvidual indeed sas the 
^cup leader in etrsry oospoEy4 Hone of those intorvieuisd had hired 
people frets outside the oonetruetion ii^netsy. !She typical eaaaegsr 
a graduate civil engineer, with a fev hoHlng advanced degrees 
in business edsilnistration* Sam had further education In the fields 
of prograassing or coagutor ai^ilyeis« All h&d risen in the construc- 
tion industry baring hold cuch positions as ^ob engineer, estiaatcr, 
project tsanagsr, ^poriatendoat, or general coatracter* fears of 
ccastrueticn o:?psrionse VEUJdad, dsp^idiog \®oa the conpacy, from 
fiv® to thi^•ty. Considering the peculiar charactcrieticc of the 
oonatruction industry, it ia racoKtsended that this praotice caatinuo« 
Aloiost the fiytac reported that tlio meaibere of the ao-ea l led CBM 
Stoop had littl® or no ccc^jter udq background* 



Att«sg^.<ga CBI 

With, cjaagr n«y teclmiquqo, tlic tra© rsfiacsasnbe 02 d iGgprcxvaacnta 



usaaiSy cocwp oo a you- It fccXoack fyca the xiaing t^recanol who 



attcaipt to e<appt aay c-uch mcUjcd to th® Goay «pd peculiar cesmiany 



GituQtioas# C^esi such cffoite prove to fee SQ.ua3Uiy ee vuiuohXo as 
the prcpossal. With thio pcGsihility in Bsied the ictervis«®«8 

tnsre asl<ed if they had att^spted to ixss/sove upon CBil in ary particuSar 



niannor^ perco^ut of the ccEpasicia stated tiiat theg' had not 

attcc^sted ai^y novel pvocc<iTa.vee> Mt uero usii^s CHl oa"ly in th© csaanc? 
prescrihGdi- 53je other firtss prodased ncthlsis of an oerthShalJins 



hut tboir refisi^s&eKtQ ucvg intGrestins and did result in 
ieprovod ‘uso. Scksc gS the lat'^er firo© pressed fcinjsrd with 



ccattiijuous reccarch, cJcpGr-icaat, and dovolpgcent of basic procodu 3 ?ee» 



A few Of those have prepared CH3 hojaSbooks ai^ tsKthook 



EariUals* A few doi’iccd e-'..n rauualiy gexAcrated Bor chart out- 
puts fi.*aa tha orrOtT dl _ > . ijavo attOEpted tiiss scale di'awa 

p.rrovr aiosrsoa^ or fJotv ah-.a?^’5s iMch cro activity opieated* Oztc 
fins attcsrjted to soli:'® the rarObloa of having tv7onty-foof{; diagraa®, 
ijy 'usinji a nors^ sisc^ nstshook eehosG, She first pa£^ was a r^ro- 
bc<’.^^ie Bi’afcw diagrea of ths entix’s job, ?K7t at q 31 in detai.l* Each 
cucc'GOdins page took sn activity of the first shost and cripended it 
into x^iatever detail was rcQjxirod for the job. Thio attempt is 
fairly irorthy, as anyone who I^q attespted to woxd: ifith one which 
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ecnrc»«d uallo oS & rocsa can «osro3y state* Yet Gtocther flTs hsd 

mdo A good attosapt at a/oreoGdi^ the astasoaioo of project eaper- 
itsbeDdGOiia, She mpovie&midcab vaa inclnded in tin 0S%k^ utiich devised 
t!xs nctvosrky kut an eoneo’J diagsao itself uas novesr e&t up foer use in 
tho field* Instesd^ a sheet listing ell. the work activities In great 
detail and the planned starting axid coegOLotioa calendar dates vas the 
inctmoent actuallsr used the field personnel in oooteoUiiag the 
v<»rk« This tsst vith great aceeptecsce bgr field workers* ^iia emaept 
of critical aotivitiCB ctiU very such adheired to by each office 
people as the project These attee^s iUastrate that the 

Induotsy truly fsclo that CFM is of great valno^ axsd such i e p ro ve a egts 
and refinements ore sure to ocour a oerstiscial l^is^ vith eacpected 
ri^mrdii^ resalts* 
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CKAPTER 9 



5PE)ClPlCATZG!f BSm. 






nis 



9»1 Beqtilyod IFso of CPI! 



3he int«nrievcc8 u’cro roqucst^ to state thdr vtavs with regiBxd 
to tho apparent rlslc^ trend of otmers and arohitaets raviiring the usa 
of CPSI on psrojQcts in specification sections* The results vere eecar> 
ally oo vouM he esqpected^ vith a few sorprlelng eonoopta* Scfventy- 
five percent of tAo cootraotoro stated that this was not at all a sood 
psnetice. liie general conseaeus was that ouoh a oontrol technique as 
CH( vas Qtrietly em added tool available to the ecmtxactor^ and its uaa 
dhouM not be dictated ty on ownor* SltKio specifications do cot spell 
out constmctlon procedures^ but rather minlracm requizooczxto; they also 
shouM not require asy porticulsr control oethod* Soote builders aero 
of the opinion that such practices by omavs were Inspired In esany 
cases by the opinio of ovrssva ti^t the use of CTSI v&s a current day 
status oysbol* is to that owners required CHI sierply because 



it seciaad to be b more cophistioated concept* ttauay firms felt that 



such required CHI use wa® generally too rigidly specifiod with spe- 
cific updating GChedules re^rdless of the need fear updating on the 
particular Job* 

A fev firms bod favtseblo opinioDSi. such as the thought that 
the required us® of CESI the first realistic approach to construc- 
tion taken by architects in many years; howsvorp even these firms 
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iodieated tfattt ehouM bd certain fecvors vhich cEurt bo conaldcr&d 

in contisiuing this pzaobico* Firstly tbs ovnor oust be fully avsro of 
both tho cas^bilities and the liaitationa of ooreovor^ they oust 
bo folly eognir^nt of the fact that CFM is not a panaeoa and eoo> 
stsMAOtlon and job sits problssis tflU not noa eoaplatoly disappear* 

Firms pointed out that the ovners aaott also bo txmjco of tho foot that 
th^ bo propsred to bear coy increased costs Inoccrrod in tho use of 

The writer believes that the majority q?inlca of tho eontmetord^ 
that CHI is a tool for the builder and not the oucsr« is a valid one 
and probably otumld be the ©sseral rule* A contract specification 
stating that CH3 will bo used contains latent^ legal ooaplexities idiich 
could becc^ the basis for estexisivo litlsatl<m. The oooplsxity fore- 
seen in roqi^.r€d CB3 use ie baeically contained in the fact that the 
cyriod facto cf technique application i^isrest in the present state 
of develops^nt c>^nerate equal quantities of varying procedure* The 
cm of any selected group cf procodureSj as may be specified by any 
oimsr, certainly will ncjt fit the standard personnel oharaoterleties, 
policies, and procedureo of each contract bidder on a truly equitable 
basis* 

9*2 ConsultiMato and Ability 

A question was ashed requesting ooremonts on the general use of 
CH3 consultant firms* Only twenty percent of the firms reported ovearall 
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gessral sttcoese in tlie use of coasultanto in C^. Scao of these were 
required to hlM cozusultaots^ becanse they had boon nvarded a CR-f 
jroQjuirod use coirtroct without over beforo having otteaptod any uco of 
C^« Zn thcoo instances the ccosultaot pro v e d to be a great old when 
tipdating was necessary or when radical work deperturco were nsoded* 

Zn general^ if a eospany ic net foatlicr with CPM procedores^ eon- 
eultants can be most holpful in educating parscumel and aettlng up 
initial procedures* 

The opinion of oi^ty percent of the eoctponles was that the 
oa^Jority of consultant firoo are qualified in electrooio data process- 
ing techniques and the pr^edores tor gathering and ictegratlng infer* 
(^tionj bat thc^ lock realistic cccstruotion understanding and, th^re* 
forc^ the ability to readily identify and separate ia^ortont eenespts 
frosi those which are of oiniesna iopertance* A conatsuetioa eaotractor 
cannot afford to sake lE^tostont decisions from opinions and recocsiacn- 
dations that ara apt to be saturated with lansertaintiea and usknovne. 
Costs cf consultant use is also of bearing* 

9*3 CP^ Khowledga of OwE>era 

5Bis ccQipaaies were e-skod if they felt that owners possessed a 
correct and as^lc knowledge of ps*oper CFM uses* The cooponies were 
unaoiBK3us for the first tiise in this reportj^ in the opinion that 
owners did not have the needed background in CFM* The concept oay 
be su!ZSQsd up in a few vordo. Tbs public xarocuretsent agsneies at 




4 










who l«vel hc.vo ruiiSarxsrbal.'iy coi-rsct and oc^jla, ‘birt not 

oeocscarlSy proper, Ixc-vlolc^ cr CT!4 uecg as applied to cons-bructi(». 
Private o’,ra.or3 have very little kaowlcasQ, ac this imwlodge oay he 
gaincsa. only through cj^perienco . It io netsdlcoo to cay that this 
Goaaral c(2n3ept is subject to great debate, depending upon the (proup 
tdth whoa one io opos^dna. Prooless in this area, however, o.re sure 
to lesooa trith the pasoag* of tim. 
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Cffi^PSER 10 

SM4ARX ABD COJPCI^SIOII 

10.1 AdaitlotaJL Coispany Cotmaepko 

Aa the coQClaGioa of tha irrfcerviewG were approached, the firma 
i?ero given >?roG roln to add any other coeEieats vhich they felt could 
be of any iinportauce in the ^3oc3ral field of CB4. Socoe cospanlea 
chose not to bring up any Itcaas et all, but moot cMctlonad coMepto 
worti^ of socso diacuoaion. Seven of them felt very strongly that a 
general practice of tiiae ceding CPM diagrams after they aro completed 
should bo adopted in oedev to insure ttot project superlutendcirto 
recognise peak pei’iods of nsoapouer requiroRonts. Such an attempt at 
o\'‘ercc5aing the aneiGHfe pi'^oblem of resourco allocation is wrthy of 
csrit, at least on tho iargei’ projects. An added th<xi^t pertaining 
to ccs^iuter usage presented Itself in taore than one iaterviow. This 
VH 20 the logical ccaicept that in order for conputcr use to be econom- 
ical, it must bo used for more ttoi simply calculating tho critical 
path on-d ca-leudar dating. Perhaps a plan for integrating these 
cajabilitieo vitii a povjsr for detcrsdnlng noKEol and crash costs and 
durations, tipdating -techniques, and normal business data processing 
is in order. 

Despite the intr'i.ruiiis qi:ia3J.tico ovident in CFM upon initial 
eitatalnation, it is not -univcrsol. in its applications to tho construc- 
tion industry. The tremendous impact of the overwhelolnG detail of 
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a progS'am dcvclcpcd to tlie greatGab depth in suffocating to the novico 
UGsr. She new oycibolo and. 3^aa^?.agG eutcsoatically create douTit and 
uneac^^ diet3fiist ia tliG "hori'd-licadccV’ construction can vho takes great 
pride in coasideidag hi.» ooli' tm cicpert in hlo chosen fle3ji> Tho field 
operation application cf CliU therefore^ vrill n<fc achieve any vo3?y 
Icjge Gssasure of success until a new and more liberal generation of 
operational personnel boo arisen; or, the gradti^ transition of an 
on- the- job ti’sining program is activated by the contractor, and not 
consul-tants. Most fimo vero of the opinion that, in this pariod of 
progress, ecadeisic and other proponsnes of the technique should expend 
Goro effort in the devslowacnt of the basic cocsKusicatias eomrjatice of 
CH4, and Icrs on the potontSjil of cloctrcaic data processing. 



OvoraSl. Company EvTal!.tatioao 

Sie cospaniss vTore requesried to glva, in a definitive rBsnncr, 
their overall appre.i.r:! " o? C"!J c”i' abilities, in an atTbetapfc to gain 



the general fee3.inG o"' ti . .b.'-.istry uith regard to technique. Thirty- 



throe percent reporI:.ed that CBi had aided them greatly in cantrolling 
projects. AnoSher fifty-five poraeirt stated that the us© of CBA hod 
proven to be of ccaae real val\^; however, certain definite litaitatioao 
current. ly preoeist. A lou tvelve percent of the firoQ wore of the 



opinion that was of virtually no value to them under no;*nal eper- 



ating conditions. Sius the gcnczal c^inion vaxe oimilar to that which 
was expected, a close to norcaa,, or bcH-nhaped, rcDponsc curve with 
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a heavy leanins -ioT^ard a general acceptance ex? CFK, with a few aor« 
conoar^'ativo ' ”f oot-draggieg” firars. It oust be confccccjd that this 
fiml question vino sort of " leaded" in nature, in ea attempt to 
verify responses to earlier questiono, which wex’o moot iagwrteat. 

Two of these ^rarc types which qjaestioaed true eiwscutivo (genagement 
pertloipatioa in CBJ end also the concept of including field pearsen- 
nol In the grazp ^-JhJ.cU Cctr^i-irrA the arrow dJngraa. 5ho per-conpar^ 
correlation ataoag such c’uctiosr; vao most consistent* The companies 
whi.ch had not really attempted to gain actual CFM workability were 
those vdilch reported its use to bo of very little value* Ho more 
need be stated* 

10 . 3 Slmlatioa Survey 

As a tusasis of presenting, in a conciDs and caspreoeed manner , 
tha thou^ts of the intsrvicvod caaplo ns a wliola vrith regard to ell 
tho aspects of a Bitailatlca shall nen; be presented. H© shall 
foll<r*y tho ccvurcc of a hypothetical coostructioa firm through the 
entire gs?mt of C?M ideas frem its irrtroductiou to its total icq?lc- 
nrsntatioa* All. tho ccTiCcp-bs rcsx’lt fra^i the opinions presented by 
tho intorviewod group. 

TiiQ firm CCU.V1 actual.l.y be in any of the major construction 
fields, of virtually egy oisc, and tn^ operate in any geocraphical 
area. Certain mriatioao in .issplamontation wculd result depending 
ucoa tho particulstr C02^!as3y*B characteristics. It need not at all 



ezaploy c'xc ii'oaic ccssputer on ccctary prctJiiBGa or •tbrossgh rental 

ceateraj havfevcr, sosa cuch uao ccaM be preferrecl on lar^^-r or lacrc 
coagjlei: projects* Data traac.TiS 8 loa eqaiptraat need not bs in wse, 
altboi\5?Ja tha cs^lcynoab of cucb c.ovlces will probably increaco in 
tlie futura. 

She coD^poi^ GheuM be iatrc 5 duced to CH 4 clthor throat fornal 
ccurco prcGSstatioa, or at inforraed profocsional society eetainarG or 
Eoetings. It cay use CR 5 on jobs of cyay sisa with probable little use 
Eaade of it ca repetitive* easily controlled work* A definite ebili-ty 
to uco CBhl voluntarily should bo present, along with a \ 7 iUingne*c 8 to 
do 00* On certain critical or restricted projector 'ths eleaetrto of 
CR 5 sheuM bo OEiplc^-ed as & part of bidding prcc^iures. 

In Glr..a"t al.i casoo, tho sub'-centraetor’e work portions should 
bo a definite- ns-rt of the arrow diagram* ilie cajor gain recognised 
through CH 5 would be a Eueh closer job control, and a greater aware- 
ricso of activity intc-r-reletlcnahip'-w ThQ possiblo cajor drawback 
».^ld b<3 a diffiexilty v. ■ . ’ ; ■ hoa required. Bar charts xrill 

•probably be used c-oncurre:.-:.!;/. even if only for preeantatien purposes. 
A strong and complete company CPJ 4 training program must be adharod 
to, and itc use cuot dafiaitely include such fiold pv3rsonacl as job 
Euperintondesta . Th& use of project cost curves ^Jill probably not 
be extensively follo^jsd, but a progroocivc frrss osy cok® corns 
attempts in this fiold. 



It in • -r,;:. fOi\x.:f«ny ougTostj" tiit, ±n crdQ? for CTil u-o v.- 
GucoQ2dj. cc.r v:ecutivx5 ojpzi^^easxit paroczsnal cast bo ccap?^vOly 
bearXnd itc CraiJXsooariaticaj and rsepciurcdHt-y for CI« uoo chouid 
rcat iQ tho c^aratia^ ccnstructloa diviaica. Poct-oob follow up. 
in 05.*i2er to evaluate; Z'..\ ; ’.vr^j in csffect., cast be ecpi-cyod on 
every project. In 1. 1, . • .'u^or-osrii would oltain ‘(die aos'ied con- 

trol over CH 5 ope?.-atla:.3 on e. recular basis. In edditien, time job 
fcc-sibility e‘irafi,cc ohcyld be perforaoi prior to tiic cc3rmcGo«rt 
of eqpicyias CK£ tocbirit^ias on 0257 cjai’gdnal projects. 

Inc prcjrit enrerintendoat oniotj \ritlioat rxeeptior., bo inclvd-jd 
the crrOT (ll'-cyai \c ‘cp, in or<2cz* tl^-.t Itb accept o!:c cc’d' od 
an bio o^-m to g ceririin (ie3x.‘nc. Ib© rc^poncibiHty for tlio cvenixil 
cacccso or cf rBi iv'pitr.'cntatic--i on a project .cnculd ©o 

oarinlod J-;;: / ecrp'ujy orccutxv© and tLe I'xojeot 

cuporinteiad Ibo ccopa^y’ fartLex’ chonld atto.iTpt to uron 

^■r -4 EOlify e?;i v/is r,;: c •.Gauon'.'y to sunt its own loac-’.rua joclc. 

Sio cGr^-iV-'" n' •? ,rv.' ’ '. ' ■. c-’ liAc opiriica tli«at 'IP'-I is 
utrlctly & tool of , or,.’ riipatly «o. It a.'^/ furit-sr 

v.7../ioy con.Jult?.nt f.; * ' * .n.itiol irric-rtriikation rn-r-lcJ-j cet 
it wiLl ceexe rn-sh pi.n. tnTcen* I« 3 .V>o 3 xt v.p iin cn '‘•‘o 

Tl'iJ rut ; c.n Xico. Bg> folic ■ n c^.' ««t' ■ ^cjy ccncir. 
va.-ien of operntinns se .iisoed nl'O’.xv Sat r.v-!y :l*r.'Trrt'.'i J U-tt 
0:111 \'Qiy prointdy ba cf tu i cplniGR ic C'" _ 
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value in planaing. scr.of.v.lu m\1 controlllns cost ell construction 
projects eaccuatercd. 

10 Jj- Statistical Susgaary and Conclusion 

Sie reader is nou referred to Pigare 10*1^ which is a sucnairy 
statlctical tableau of the osaln poinbe of this paper* Acroco the 
tesp of the E^tri:? are the overall evaluations of the firms with 
regard to CK4. IPhcss arc: a great eld, of sssse value, and of little 
value at best. The left side presents seven Itey concede, and dis- 

tho ciis'.rcrs in percentages related to the rss^ 2 Ctive evaluatloiis. 
Frca this, ono la cii^sected to be able to derive some ooD^-evldsnt 
ccncluslca3i 

The owacrebip or cr.-ritc rrntci of cesaputer systcas seetas to 
play little part In f; iKplemezitation of CR-!j slthou^ 

tMs could be subject to ciiange in the future. The use of CR4 rental 
Gcntero does, hcxTovcT^ ceisa to ploy a part, ffiuj more cucceccful 
firtTiS did eaplcy such means to a i-elevarrb degree. The use of Bar 
CiiOrts concurrently with CH4, and the empl<^TiU5nt of CI^l in bidding 
procedures follow a slBllar pattern but to a lesser degree^ and 
are probably not po5.nts of grsjst importeincc. 

The rr^ainlng throe issuoc are the txue keyc to pi’opcr and 
cuccesfiful i.^pIOHcritation of CJM. There unoiiimous agreea«nt on 
the part o£ the firao which felt CH! to be a great tool, conccimng 
these conespoo. ®iore must be a vigorous CHI training program la 
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forcQ for field as \Jol 3 , as office pcrGoanelj corapaiy executive tcacase- 
esent naist truly Ijack Clil ecnociyt!:; onu opood opprqpriate tiuo ia this 
area, end field peysonncl. r„uct bo iacludod in the group which devises 
the Arrow dig^aa 6 t the start . £h* fiius which used CrM with only 
SOS'S aosiaal success eccaiCd to generally hold these ccae opinions, 
but triUi csiich loss overall agresaeirt. Most itaportarrt to note is the 
fact that thoso fires which felt virtually of no value wsro 

in direct disagreciscet with these basic eoaclasioas in every rcapoct. 
To vise a defiaito cliche, the figures spcalt with ©:eat force* 



10.5 

At tli J.s point ths tqqMv has surely been able to gsasp the 
gencra.1 opinions and procedures in effect with regard to the critical 
path ® 2 thod in the consti'ucticn Industry. Ho has learned of poor, oc 
well as good pra.cticc; ' dc. 1' .'.ned ia a ralstive rsanaer* Eo has 

hod s’ecooisecda.tiono £c~ r. ^ovca'.onto preoentod to hira, t^esd upon the 



fceli’iss of the iaterviewed casplo. It is sincerely hoped that this 
roport has ohed sokc light rspen the field of CH 4 uo©, frcsi tho point 



of view of the actual user, the ccaffcructicn industry. It io further 
desired thtvo tl^iG report will rcciilt in icia'ov-sd pi’uctice by both the 
owricr-Oi’Chitcct-casiKCcr, and the cc«otruction contractor, ffliis 
revert is ^ 320 tasans all inclusiw caad tho end of fui'ther quests for 



greater refirx'sent. 



Any of tho tesny areas touched upon heroin; lend 



th<K23clvcs quite readily to greater research end effort. It is 
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fiml3y rcsixGctcd obsvfe teach saoro dtrJ^iled work bo uadervaken ia the 
lESEsOiato fu'cv.i’s for the ultioate beiiefit of oil tbooa couceraecL ^rith 
the gT'cat and v;oa(issful coarbructloa indactryj \!i.th vhicb I oa siost 
P 2 «ud to ©ssocicto taycclf . 
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APECTDIX 1 

CRi - CfIX5SSAFY CP E3F&!S 



Activity » a specific of v.l>icb mot bo ccnpletod prior to 
tbe start of a R'a.l'3c-<;ueat activity 

Crash Cocrt - coot to p erf ora ea activity at crash tine 

Crash TIeo - shortest tioe la ohich oa activity oesy be coapleted 

assuaiag luficite resources# or eaxiagestent imposed limit o 

Critical Aertivity - an activity for iMch an increase in duration 
vaOjd cause e<pial increase in total project duration 

Critical Path •• e collectica of connected critical ectivitleo fren 
origin to tcrasinal node 

Duration - t!:.c time in v?hich an activity is scteduled to be cocjsletod 

Ekirllost Everri "ime - the earliest point in time that an activity can 
bo CO ipletod if an preceding activitieo are cor^leted in 
oc’ieC.ul< 2 d drautioas 

Early Finish ~ is earliest point in tic^ that on activity con be 

cce^leted if qH precGcling activities are d on e in their 
schsclv»J.ed dui's.tiono 



SirXy Start - earlic : , ' ^ tl_i that an activity con be etarted 

if all pre-- " ■.vitics are done in their scheduled 

duration 

Event - a starting or ending point of an activity or string of 
activities - events ecrroispond to nodes 

£'loe,t - the esjoimt of errfcra time a^i-ailable to perform on activity 
withcivt delaying pj.’Oject coc^letice 

Pl^toi? - on activity tr&ieh tos float and is not critical 

Free F3.oat ~ the emeuat of ttes an activity can be lengthened ultheut 
affecting the aarliest ctaxting tine of any cucccading 
acti^'ity 
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7T 



Xad^cndent Float « the amount of time oa activity can he Icas'Iihcncd 
without affecting the poosiblo starts or finishes of any 
other activity in the netirarh 

late Finish - latest point in time that on activity can be completed 
uitheut delaying the scheduled project ccopletioa 

Late Start ~ the latest point in time that an activity may otsxt oM 
stiij. allow it to bo complotod withait delaying the project 

co?;;olction 

I^itcjit Svent - the latest point in tioo that an event msy occur 
without J^ngthening the project dmwtion 

Horaal Cost « the least cost for an activity 

Kcreal TIko - the activity of least cost 

Origin - the start of a vr'-'ce'; or the point where TJork first cooEsiwes 
on Q project 

Pi’oject - the entire goal or end, such ns all the wox’k covered by a 
cons'fcraction contract 



Project Dm’ation ~ the scheduled esccution time for the entire project 

Slope - tho cost to shorten the duration of the activity one day below 
a given duration 

'feriiiiiius - the end of the project and signifies total project cooplotion 

Toial Float the mid-sam ascunt of tics® the scheduled duration of on 
activity can be lengthened trithout delaying the scheduled 
cc-rr.ctioa of tho entire project. Its use may, however, 
cS^. :l the finiohos or starts of any preceding or succeeding 

acv-i-v-i. 
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APFETiDlX 2 






D VISION 



Div:?sxaii 



BI9XSI0il 



CKl v’Z'TL'iXCIC QU2STI03SAIRE 



I - CC55?/UJf ll^OT^UmOU 

1* £9tiQ£2,tGd aanual volusc of businass* 

2. field of coactructiCHi voarlt. 

3- Perceixtage of subcoaSarcicted work. 

4, Primary geographical area of uerk. 



II - ELEdHOmC DPSA K^OCESSZSO 

1 . Doss thio fira nerj o«n or rent any electronic data 
proccoaing cquipoent vhich io located on coapany 
preaioeo? 

2 . Io any use nou being cxido of eonputer usage or rental 
ceaterc? 

a) For buoineos or data proccsoing purpoaeo 

b) For CBi uoea, 

3 . Are you no^r oapDxying any data tronseicsion equlpoent 
(trueb as data-pbonos) to tranooit data from fie3ji 
oitco to hesse office co:* cosputar centers? 



m - CBi r j 

1* of CIM riaos? Proa where? 

• 2, Has coapany used CH4 at all? 

a) Hen/ long? 

b) Siae of ^obo? 

c) TyjpCB of coastrviction? 

d) Voluntarily or due to specification requireienta? 
o) 20 CPil itsed in bidding pi*ocediires? 



2V - CB! USAOS Arm'sis 

1. Sow do eubcenti'setors* porfciono of work fit into a 
CBI perfearaed contract? 

2. What are the taa^or g^no recognised thus for in 
utilising CH'j? 

3- Tant Q2.’8 the current caijcr draxrtac3ic? 

4. How often are diagrsns updated? 
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. At© Bar or Camt cliarta uocd ccncurrexri;ly *<rf.th CH 5 on 
projects? 

'6. Is there aay typo of ccs^paay training prograa in force 
to educate staffs la the CPJ 4 fields? 

(?iarticularly are project csuperintondento able to 
efficlcatly ^^erk with CRg?) 

7. ttss the us® of consulting fires been attempted uith 
regard to CES $7 VJith %dmt degree of succoso? 

8. Is tho use cf OB'! c^&ended Into areas of devolopius 
project cost curves? 



BITISIC® V - EKEDlaXVS L Ii'C;:iSn? Pi'JSJICIPAOTOIJ 

^ 1* Is CTi:4 cy^.'toiac tise spent by executive taeuoigeDeab done 
so in proportion to costs ead/or expected potential? 

' 2. Which cocapany division is recponsiblo for CP^ 
appl;lcati(»s? 

a) How teany levolo down the corporate chain of cociaand 
io the hi^isct position in tha CFM applicatlooc 
group? 

• 3‘ So tho CS?’ group ia tho Esticating Depoxtcioat? 

if tho caapany owns or rents a cczcputer# is CB! group 
closely im'-olvcd with data processing pooplo? 

5 . Is tho use of CH4 on particular Jobs followed up with 
^eat effort by tc^ {gacagsneirt in an atteapt to 
e'rtxlViS'.tQ costs sad protSuctlvity? 

6. hvQ post-Jcib enalyces aado in an attend to reolis® 
c savings card officicacics cpined (or lotjt) by tha use 
of CR4 ? 



d:c?vsxoh VI - cm cohssol frocsduseo 

1 . Ecvr is tho cost 0? CWi work accounted for in financial 
Job-occt rocor^jo': 

2 . tj''-: o-' c'.Y.vol io ^tcrciecd over CBi oporationa 
group? 

. 3* Aro arcci ’ fci’ T.ossible CFM uses selected on tha basis 
of fc9.cibilJ.ty studies for each Job? 
a) Whst types oro not suitable fer C 5 Bi? 



DXViSlOII VII - CaSPASf IH¥ 0 LVS 4 E:S 

. 1. Arc field personnel included in the group which dcfvisoo 
CBS network? 
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2« Ars Gzay ex-ficld personnel acu Eicisbero of a CPM ertoff? 
3* Wbes*# dc3«s rospcosibility for C?M euoccso or failurG 
root? 

a) CR4 grci^ 

b) Top EBnasemeat 

c) Field GuperinteadcKt 

d) CBS itcolf 
o) etber 

is fas groap KiEagsr’c background? 

V!ba% is the cesputer mzo backgrcitnd of CFM grc% 2 p? 

6. Eao your firrs atteapted to ijnprovo upon CPM uao on 
its own in aay way? 



DI7XSI0S vm ** ss-ssi: io . :;o:: ^;r^lUIRI^ss^a?s 

1 . ?iJha,t are y ovjr cesaasnts with regard to the rising trend 
of owners roq:itiring tho use of CBS on projects in 
specifications? 

2 . Cement on the gensTOl uca of CFiS consultant f liras in 
planning a CBJ pro.jc-ct and clurii^ tho actual coaetruc- 
ticn phase. 

3. Ife you find that the using facilities (owners, etc.) 
havo a oorreet and aiapla kncKrledge of proper CR! uses? 



Division 5 S - s'&i/m 



1. PleaDS take free will, here to odd any other connonto 
you feel could bo of insportaace in this genaral field 
of 

• G. Do you feel that CfM has aided your firm greatly, very 
l;lttle at best, or is it virtuelly of no greet valus 
to you? 
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PARTIAL LiaP OP EAKPl'CIPy\TIKJ CCEiPASIES 
(An addiuiQial ouclvo firciQ did z^ot; psarodt uoc of coispGz^ nood.) 



ALeitaiaw Ccnotruction Co. 
60 Stogie Sfcircc V 
Boc(*oa 9s Iwjr'*.c’iuootto 


BaoSc Construction Co. 

Headquorkero 

Biyjpart Neva, VirglnSa 


Beacon Constracoion 
100 Hono Street 
Alleton, IiiQC£,cbacott3 


Blcuot Brotbora Cerporation 
79 Ccssacrce Street 
P. 0. Box '>9 
Montgoaiery^ /dabetaa 


py.'ancbi Conarbruction Co. 
Ij 29 >Taterto«a Street 
Hevton^ iiQSSGrClmaCvoCi 


George A. Ftallar Co« 
11 Boqooq Street 
Boston^ Kaeeaebusetts 
(District Office) 


•3'ackGon Ccnotructioa Xna . 
Old Km EaiM5.as 

Kaoocchussttc 


Geortp B. H* Nacoaber CoiBpeay 
23 Furdbon Road 
Allotoa^ KaeGachusetto 


iS.13.0 a Jo3C3 Inc . 
i.-CO 23rd Street So. 

?. 0. iJCK 

Gt. tteterebui'g, F3.orS.da 


E4isbora Construction Co.^ Inc 

169 Pin® Street 

East Katich, Mossaebusetts 


PorSai CorporsfcSoa 
?3 lit . UoytG Aver.io 
Fraoici^an, rtirsaclmsstts 


Poilni Idcdted 
h9 JccUcs Avenue 
Toronto 7^ Oetoxio 
Caizcu3a 


S S» A Alien M. tract ion 

330 BiithcrfovcL Avenue 
CharJ.estovD; liascactoiBeitto 


‘itonsr Construction Co. 
38 Bsubury street 
Bootoa, Ifesoachusetto 
(Dictrict Office) 


Vappi and Caspony 
240 ffiLdnoy Street 
CatstrSdso, Maccachuc-.'fi': 


Vblpe Construction Co., Inc. 
51 Eastern Avenue 
Malden, HncsGcbusetts 



Warren Ei*08. 

33 Caaliridge Partway 
Co<n^rid(;Q, !(acsachus0tte 



Dfl £. Wcl>b Corpccration 
P. 0. Box 39692 
^101 Sau Faroando Road Wert 
Lea /^njjelcr 39.. California 



Wexler CoaGtruc-tioa Coussccy 
118 Ueedhna Starcol; 

Br«fton, Mo*cach.usctwO 
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Syracuse, N. Y. 
■■ ■- Stockton. ColSI. 
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